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Borrel first held the concept that a virus 
might be a causative agent in cancer. How- 
ever, viruses resemble bacteria, protozoa and 
fungi in causing lesions which range from sup- 
purative or necrotizing lesions to granuloma- 
tous or proliferative ones depending on se- 
verity and type of injury. Neoplasia may 
represent an extreme example of the prolif- 
erative type of reaction or develop as a result 
of hyperplasia. Rous(1) reported transmis- 
sion of a sarcoma in a Plymouth Rock hen 
by cell-free filtrates. Our knowledge of cell- 
free filtrates and cell particulates as they ef- 
fect neoplastic processes has increased enor- 
mously since this period(2-26 and Table I). 
Gross has reported that filtered cell-free leu- 
kemia extracts of AK mice when inoculated 
into newborn C;H mice can induce leukemia, 
parotid tumors and subcutaneous sarcomas 
(2,3,4). Recently Gross(5) reported the 
high susceptibility of 1- to 14-day-old C,H 
mice to “passage A” leukemia filtrates induc- 
ing leukemia but not parotid tumors or sar- 
comas. Stewart(6) produced neoplasms of 
the parotid gland and adrenal gland in mice 
inoculated with cell-free extracts or filtrates 
of leukemic mouse tissues. Drs. Stewart et 
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al. and Eddy et al.(7,8) reported a tissue cul- 
ture method to increase the tumor-producing 
capacity of leukemic extracts or parotid gland 
tumors by incubating them in tissue cultures 
of cells from monkey kidney or from mouse 
embryos. The increase in tumor-producing 
capacity was shown by production of a wider 
variety of tumors and a pronounced decrease 
in the tumor latent period. The tumor-pro- 
ducing effect from these fluids of tissue cul- 
ture preparations was neither strain nor spe- 
cies specific(7,8,9). 

This report confirms and extends, by using 
inbred strains of mice, rats, and hamsters, the 
recent observations of Stewart and Eddy rela- 
tive to induction of multiple types of cancers 
in hamsters(9), mice(7,8), and rats(10) with 
a virus-like agent derived from a mouse tumor 
propagated in mouse embryo tissue culture. 


Material and method. ‘issue cultures were 
prepared as reported by Eddy e¢ al.(9). Swiss 
embryos of the [CR-Ha strain approximately 
in the 12th day of gestation were used for our 
mouse embryo tissue culture preparations. 

Sources of tumor-producing material. ‘Tis- 
sue culture fluids containing the virus-like 
agent were obtained from Dr. Stewart in 
November, 1957. These were unfiltered fluid 
#3919, 3791, and D-3919 (lyophilized). Our 
own tissue culture fluids (M-1-1 and M-1-2) 
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TABLE I. Induction of Tumors by Cell-Free Extracts in Mammals. 


Source of material 


AKR and Cy, tissues 


Investigator 


Gross (1951-1958) 


Stewart and Eddy 
(1955-1958) 


AK leukemia, Swiss sali- 
vary tumors and other 
tissues 


Swiss leukemia 
C,H ” 
AKR vm 
Human ” 


Schwartz ef al. 
(1957-1958) 


Friend (1957-1958) 


Graffi et al. (1956- 
1958) 


Mirand e¢ al. (1958) 


Ehrlich neoplasm 
Ehrlich neoplasm 


Swiss salivary tumors 


Responsive recipient 


Resulting lesions 


Newborn and young C,H/ 
Bi, C,; Bl 


Newborn mice C,Hf x AKR 
F, Swiss 
Newborn and young ham- 
sters 
Newborn rats 
us rabbits 
Adult Swiss 
3 
” AKR 
2 AY 


Adult Swiss, DBA/2 
Young Agnes-Bluhm mice 


Newborn DBA/1, AKR/Sn 
57 Black/Ha, Swiss/ICR- 


Lymphatic leukemia, few 
parotid tumors and as- 
sociated neoplasms 


Multiple types of neo- 
plasms and/or hyper- 
plasia 


Only brain filtrate is ef- 
fective in producing 
lymphatic leukemia 


Leukemic-like disease 


Acute and chronic chloro- 
leukemia 


Multiple types of neo- 
plasms and/or hyper- 


Ha AKR x Swiss F, plasia 


Newborn and young ham- 


sters 


Newborn rats 


containing the tumor inducing agent(s) were 
obtained by inoculating Swiss embryo (ICR- 
Ha) tissue cultures with minces of a parotid 
tumor from a Swiss mouse (NIH). Culture 
fluids to which EZ. coli suspensions were added 
were filtered through HA grade millipore fil- 
ters and fluids were tested before and after 
filtering for EZ. coli. Newborn mice were in- 
oculated with filtered and unfiltered tissue 
fluids from these tissue cultures. 

Control tissue cultures. Control tissue cul- 
ture fluids were also obtained from Dr. Stew- 
art. Our own control tissue culture fluids 
were obtained from Swiss embryo (ICR-Ha) 
tissue cultures inoculated with normal Swiss 
parotid tissue. 

Hamsters. Wamsters (Cricetus anuratus) 
used in this study were obtained from the 
Nat. Inst. of Health and Blue Spruce Farms. 
Cannibalism of newborn and young hamsters 
by their mothers was a serious problem. The 
hamsters, at time of injection, varied in age 
from newborn to 2 weeks. The dose of tissue 
culture fluid administered to each animal was 
0.1 ml by subcutaneous injection. 


Mice. Mice used in this study were bred 
at the Institute. These were C;; Black/Ha, 
DBA/1, Swiss/ICR-Ha, AKR/Snell and 


AKR x Swiss F; hybrids. Some Swiss mice 


of the NIH strain obtained from Dr. Stewart 
were used. Newborn mice, less than 24 hours 
old, were injected subcutaneously with 0.1 ml 
of tissue culture fluid. 

Rats. Rats of the Sprague-Dawley strain 
were obtained from Holtzman Co., Madison, 
Wisc. Newborn rats less than 24 hours old 
were injected subcutaneously with 0.1 ml of 
tissue culture fluid. 

Results. Table II presents a summary of 
types and sites of tumors induced in animals 
by different tissue culture fluids of Dr. Stew- 
art and of our own (M-1-1 and M-1-2). 

Table IIT presents induction of tumors in 
animals injected subcutaneously when less 
than 24 hours old with 0.1 ml of unfiltered 
tissue culture fluid received from Dr. Stewart. 
The average tumor latent periods for ham- 
sters, mice and rats were 29, 75, and 180 days, 
respectively. Three out of the 6 AKR/Sn 
mice receiving tissue culture fluid 3791 de- 
veloped both leukemias and parotid tumors 
in 2/2 months, while in the others only paro- 
tid tumors were observed. It is significant 
that Cs; Bl/Ha mice, a “low tumor” strain, 
developed parotid tumors with tissue culture 
fluid, #3919 and D-3919. DBA/1 mice, high 
mammary tumor strain, developed salivary 
gland tumors and osteogenic sarcomas. 
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TABLE IT, Induetion of Tumors in Animals by Different Tissue Culture Fluids. 


’ Avg latent 
Animal Type Site period (days) 
Hamster Sarcoma Heart, kidney, blood vessel, stomach, 29 
mediastinum, lung, subeut. 
Vaseular* Lung, liver 
Mouse Leukemia Thymus, lymph node, liver 75 
Osteogenic sarcoma Rib, vertebra, shoulder 
Sarcoma Lung, kidney, subeut., heart 
Mixed-careinoma Salivary glands (parotid, submaxillary, 
(pleomorphic) sublingual) 
Rat Squamous cell Lip 180 
carcinoma 
Sareoma Caecum, kidney,t lung 


* Duran-Reynals also observed vascular lesions in chickens(26). 
t Kidney tumor in its F, transplantable generation; 100% takes. 


In Table IV are data from our own tissue 
culture fluids prepared by the technic of Eddy 
and Stewart(9). It can be observed that tis- 
sue culture fluids of the first week from first 
passage (M-1-1) displayed tumor-inducing 
ability in hamsters injected shortly after birth. 
Moreover, tissue culture fluids of the first and 
second week from second passage (M-1-2) 
displayed tumor inducing ability in newborn 
mice and newborn hamsters. The average 
latent periods were similar to those in Table 
Il. 

Recently 2 DBA/1 mice, one Swiss/ICR- 
Ha mouse, and one hamster injected when 
newborn with control tissue culture fluid (line 
1) developed parotid tumors and in the ham- 
ster multiple tumors (heart, kidney, lung, and 
liver). Although rigid precautions in technic 


were observed, the possibility should be con- 
sidered that the virus-like agent(s) contami- 
nated our control tissue culture fluid or that 
the normal Swiss mouse embryo harbors in 
low concentration a virus-like agent(s) and 
that embryo cells im vitro increase its concen- 
tration. The fact that only one batch of con- 
trol material (line 1) was oncogenic adds 
credence particularly to the first possibility. 

Attempts to transplant some of these in- 
duced tumors occurring in inbred mouse 
strains, particularly parotid, into the strain 
of origin have been successful, when newborn 
and pre-conditioned irradiated hosts were 
used. This result should be considered in in- 
terpreting neoplastic nature of the growths 
observed. 


Discussion. Stewart and Eddy have re- 


TABLE III. Induction of Tumors in Newborn Animals by a Virus-Like Agent(s) in Tissue 
Culture Fluids Obtained from Dr. 8S. Stewart. 


Tissue culture 


No.ani- Surviving 
Effective malsdied without 


strain Animal Injected survival withtumors tumors 
3919 Hamsters 115 5 5 0 
Swiss/ICR-Ha 31 20 8 10 ( 2) 
Cz, Black/Ha 8 3 1 2 
DBA/1 5 3 3 0 
Rat 91 32 8 12 (12) 
3791 Swiss/ICR-Ha 50 24 2 ETO) 
Cs; Black/Ha 10 8 1 Gil) 
DBA/1 10 4 0 (GAY) 
AKR/Sn 7 6 : 0 
AKR x Swiss F, 9 9 2 7 
D-3919 DBA/1 8 0 0 0 
Cs, Black/Ha 6 “ 2 Neal) 
Rat 29 11 1 SiGe) 


Control fluids inj. into control animals showed to date no evidence of tumor development. 


( ) Animals died without tumors. 
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TABLE LV. Induction of Tumors in Newborn Animals with Virus-Like Agents in Tissue Cul- 


ture Fluids.* 
as) 


Tissue culture fluid 


No.ani- Surviving 
Effective mals died without 


(Line M-1) Animal Injected survival withtumors tumors 
(A) First passage 
M-1-1 2nd wk (unfiltered) Hamster ila 5 a 0 (1) 
Swiss/ICR-Ha 13 10 0 7 (3) 
Idem (filtered) Hamster 10 3 2 0 (1) 
Swiss/ICR-Ha if 0 0 0 
(B) Second passage 
M-1-2 1st wk (unfiltered) Swiss/ICR-Ha it 8 0 6 (2) 
Cs; Black/Ha 4 2 i 1 
Idem (filtered) Swiss/ICR-Ha 16 12 6 4 (2) 
‘ Cs; Black/Ha if 5 0 5 
M-1-2 2nd wk (unfiltered) DBA/1 6 2 2t 0 
Swiss/ICR-Ha 11 8 4 4 
Idem (filtered) Hamsterst 10 3 3 0 
Swiss/ICR-Ha 15 0 0 0 
DBA/1 3 2 it 0 (1) 


Control tissue culture fluids of first and second wk did not show to date evidence of tumor 


development. 
( ) Animals died without tumors. 


* Mouse embryo tissue culture inoculated with minces from Swiss mouse parotid tumor. 
+ Intranuclear inclusion bodies in kidney cells. 


t 14-day-old hamsters. 


ferred to the tumor inducing agent(s) as the 
SE-polyoma virus. Virological data reported 
by Eddy(10) and Stewart(11) suggest the 
existence of one virus rather than a family of 
viruses. Further study of this facet is indi- 
cated. It is surprising, indeed, to observe 
that this virus-like agent(s) is not strain or 
species specific. The variety of tumors that 
one sees in the injected animals appears to be 
determined by host susceptibility to the virus- 
like agent(s). The same response is fre- 
quently seen with carcinogens. Although the 
hamster appears to be very susceptible to the 
agent as judged by a very short latent period, 
the mouse comes down with a greater variety 
of tumors. Whether these tumors that arise 
are multiple primaries or metastatic tumors is 
still not definitely established. However, it 
appears that they are not metastatic in na- 
ture. 

Among the responsive recipients, newborn 
mice and rats, as well as newborn and 2-week- 
old hamsters are susceptible to inoculation of 
the SE-polyoma virus or virus-like agent(s). 
In studies on chicken leukosis(15,16,17,18) 
and on Rous Sarcoma(19) and other related 
studies (Table I) very young and/or young 


recipients are also more sensitive to cell-free 
extracts. Whether there is an optimum age 
factor involved in the susceptibility of recipi- 
ents to the SE-polyoma virus remains to be 
more fully examined. The data from the 
laboratory of Stewart and Eddy seem to sup- 
port the tentative conclusion that there is an 
optimum age factor. Generally there seems 
to be decreased susceptibility and increased 
latent period with advancing age. This, of 
course, agrees quite well with the findings of 
others who have induced tumors with cell- 
free filtrates. Immunological immaturity of 
the newborn, genetic features of the host, 
metabolic state of the host cells and presence 
of other viruses may all play a role in vul- 
nerability of the host tissues to the SE-poly- 
oma virus. 

It has been reported(11) that when breed- 
ing units of mice are maintained in the same 
room with mice that have been injected with 
tissue culture fluids the newborn mice from 
such a colony remain resistant to the virus- 
like agent(s) in the tissue culture fluid. This 
is suggestive of immunity after exposure. It 
is possible that passive transfer of antibodies 
from the mothers may have conferred some 
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degree of immunity to the newborns. This 
problem is under investigation in our labora- 
tory. 


The intracellular mechanisms underlying 
viral oncogenesis remain to be elucidated. 
Whether tumor formation results from alter- 
ation of cells directly by viral parasitism of 
specific substances, such as RNA, or is medi- 
ated more indirectly through interference with 
homeostatic growth regulation in the host, or 
both, is still unanswered. 


Stasney et al.(24) and Paschkis et al.(25) 
induced lymphosarcomas and hepatomas in 
rats with chromatin and to a much lesser ex- 
tent with mitochondria fractions from both 
tumors. Even though tissue culture fluids 
still possessed tumor inducing properties upon 
being passed through filters as small as a pore 
size of 77 mu(10), the possibility remains that 
the tumors might be related to cellular par- 
ticulates rather than a virus. However, it re- 
mains to be shown whether the hypothetical 
activity of such cell particulates and infecti- 
ous agents is experimentally separable. 


Summary. (1) The observations reported 
by Stewart and Eddy have been confirmed 
and extended by using inbred strains of mice, 
rats, and hamsters treated with tissue culture 
fluids prepared by Stewart and Eddy and at 
this laboratory. (2) Injection of such tissue 
culture fluids into newborn and young animals 
produced multiple types of tumors in mice 
of DBA/1, Swiss/ICR-Ha, Cs; Black/Ha, 
AKR x Swiss F,, and AKR/Sn strains as well 
as in hamsters and rats. (3) Although most 
control tissue culture fluids possessed no tu- 
mor inducing ability, in one instance a control 
tissue culture fluid (line 1) did produce paro- 
tid tumors in 2 DBA/mice, 1 Swiss/ICR-Ha 
mouse, and multiple tumors in | hamster. (4) 
Transplantation of some of these induced tu- 
mors occurring in inbred mouse strains has 
been successful into the strain of origin if 
newborn and preconditioned irradiated hosts 
are used. 
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In a previous study concerning develop- 
ment of susceptibility to experimental seiz- 
ures in young animals, newborn rats were 
found to be much less susceptible than older 
rats(1). From birth to 10 days of age, the 
response to an electroshock stimulus of 50 m. 
amps. consisted of hyperkinetic behavior and 
opisthotonic spasms, and neither clonic nor 
tonic convulsions could be induced. Between 
10 and 20 days, a rapid increase in seizure 
susceptibility was observed and the severity 
of the seizure pattern progressed from minor 
tremors to generalized clonic convulsions. 
Susceptibility was greatest at 25 to 35 days 
of age, when a maximal seizure response was 
obtained with tonic extension of all limbs. 
In older and adult rats, stronger electroshock 
stimuli are required for induction of major 
seizures and reduction in susceptibility occurs 
with increasing age(2). In the guinea pig, 
unlike the rat, there was little change in the 
electroshock seizure response from birth to 35 
days of age. The clonic response predomi- 
nated and a maximal seizure with a hind- 
limb tonic extensor component could not be 
induced. 


In order to elucidate possible mechanisms 
in the seizure process, the changes observed 
in the seizure threshold with age have been 
studied in relation to development of carbonic 
anhydrase activity in the brain. In the rat, 
a sharp increase in brain carbonic anhydrase 
occurs at 10 to 20 days of age whereas in 
the guinea pig, little change in enzyme activ- 
ity is observed during the first month of life. 
The degree of maturation of the newborn 
guinea pig corresponds with that of the 15- 
to 20-day-old rat, both with regard to seizure 


* This investigation was supported by a grant 
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susceptibility and level of brain carbonic an- 
hydrase activity. By developmental studies 
and by the use of acetazolamide, an anticon- 
vulsant which inhibits carbonic anhydrase, a 
direct relation has been demonstrated between 
activity of the enzyme in the brain and sus- 
ceptibility to experimental seizures in young 
animals of different species(3). The specific 
catalytic activity of brain carbonic anhydrase 
appears to be essential for propagation of the 
seizure discharge. 

Studies in adult rats have shown that the 
anticonvulsant effect of acetazolamide is as- 
sociated with an increase in the cellular total 
carbon dioxide concentration in the brain and 
with changes in the distribution of brain elec- 
trolytes.+. Woodbury et al. have drawn at- 
tention to the anticonvulsant properties of 
carbon dioxide and the effects of brain elec- 
trolyte alterations on the seizure threshold 
(4). In the present developmental study, 
susceptibility to experimental seizures and 
concentration of brain carbonic anhydrase 
have been correlated with brain water and 
electrolyte metabolism in rats and guinea pigs 
and with the carbon dioxide content of the 
brain in rats. 

Methods. Newborn, one-month-old and 
adult rats of the Holtzman and Sprague-Daw- 
ley strains and newborn guinea pigs were used 
as experimental animals. The percentage of 
animals which showed a maximal tonic ex- 
tensor seizure in response to an electroshock 
stimulus of 50 m. amps. applied for 0.2 sec. 
was used as a measure of seizure susceptibility. 
An average of 25 rats in each age group and 
12 guinea pigs were employed. 

Water and electrolyte analyses. Animals 
of the same age as those tested for seizure 
susceptibility were used for estimations of 
water and electrolyte concentrations of plasma 
and brain tissue. Animals were killed by de- 


t Woodbury, D. M.: Personal communication. 
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capitation, blood was collected in tubes con- 
taining heparin, and samples of the cerebral 
cortex and subcortical white matter were 
transferred to tared beakers, after removal of 
macroscopic blood and surface vessels. In 
newborn rats, samples from one litter of 8 to 
10 animals were pooled for each determina- 
tion. In older and adult rats and in guinea 
pigs, samples from 2 to 4 animals were pooled. 
Plasma and brain tissue were dried at 105°C 
to a constant weight; water content was cal- 
culated from the difference between wet and 
dry weights. Nitric acid was added to the 
dried tissues which were digested by gentle 
heating; the resulting solutions were analyzed 
for sodium and potassium by means of a 
Process and Instruments flame-photometer 
with an internal lithium standard. Tissue 
chloride determinations were performed by 
the method of Van Slyke and Sendroy(5); 
plasma chloride determinations, by the 
method of Schales and Schales(6). In cal- 
culations of cellular concentrations of water, 
sodium and potassium, the chloride space was 
used as a measure of extracellular fluid vol- 
ume in the brain(7). As a method for esti- 
mation of absolute values, the limitations of 
the chloride space are recognized but, as a 
measure of relative values and of directional 
changes in the volume of the fluid compart- 
ments of the brain with growth, objections to 
the method might be lessened. In order to 
make possible the calculations of standard 
errors of values for water and electrolyte con- 
centrations for comparative purposes, an 
analysis of intracellular cations was made for 
each pooled sample rather than using the 
mean values calculated for each group of ani- 
mals. 


Tissue carbon dioxide determinations. The 
method of Danielson and Hastings(8) was 
used for estimation of the total carbon dioxide 
content of the cerebrum of rats. The brain 
was removed after decapitation and was trans- 
ferred rapidly to the tube containing ferric 
fluoride and air-free sodium hydroxide. Es- 
timations were performed on 0.5 to 1 g of tis- 
sue and the brains of 2 to 4 newborn rats were 
pooled. A total of 47 determinations were 
made in animals at 9 different ages between 
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seizures in newborn, older and adult rats in rela- 

tion to distribution of brain water and electrolyte 
concentrations. 


3 and 38 days. Values obtained in rats bred 
from the Holtzman strain were compared with 
those of the Sprague-Dawley strain. Since 
the consistency of the brain of older rats dif- 
fered from that of the newborn, the values 
obtained with whole brain were compared 
with those for brain brei. A magnetic stir- 
ring rod was used to agitate the tissue and 
facilitate the evolution of the carbon dioxide. 
In addition to developmental studies, the 
brain carbon dioxide was estimated in 7 rats 
of the Sprague-Dawley strain aged 24 days, 
which were killed 2 hours after the subcu- 
taneous injection of acetazolamide, in a dose 
of 1 g/kg/body weight. Control animals were 
examined after injection of an equal volume 
of isotonic saline. The collection of blood 
under anaerobic conditions was impractical 
in newborn rats and a comparison of intracel- 
lular pH and carbon dioxide concentration in 
the brain of newborn and older rats was not 
possible. 

Results. Susceptibility to seizures. Fig. 1 
shows degree of susceptibility to electroshock 
seizures in rats tested with a current of 50 
m. amps. for 0.2 sec. Rats aged 30 days were 
most susceptible; a maximal response with 
tonic extension of the hind-lambs occurred in 
90% of animals. Newborn rats between 4 
and 7 days of age failed to respond maxi- 
mally and seizure activity consisted of hyper- 
kinetic behavior. In adult rats aged 60 days 
(55 to 65) maximal seizures were obtained 
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TABLE I. Concentrations of Water and Electrolytes in Brain and Plasma of Rats and Guinea 


Pigs. 
-———————- Cerebrum - —— ; Plasma ——————, 
No, of H,0; Na K Cl No. of H,O, Na K Cl 

Ageof animal samples %  —meq/km/wet tissue— samples % —meq/kg/plasma—, 
Newborn rat 27* 87.61 61.45 82.438 43.02 18 94.89 135.9 7.68 98.33 
(4-7 days) == 16%) cE 4DS) 9005 Sa. do +132 +1.7 = 21 Sesh b4 
P, values = .001) <—2001—<.001 2001 <.01 NS.” <N.S5 <200n 
Older rat Wil tealeaxy) 47.9 99.2 30.8 11 93.4 139 7.4 114.5 
(28-32 days) a2 cit ae Ais) se Ie) Se. G8 + 28 +£1.33 + .20 += 2:22 
Ps values <0) NS <02 N.S <a(ili 22,05) MNES: “<a00n 
Adult rat 5° 78.3 48 104.5 31.6 5 92.1 143.7 6:97 101.5 
(55-65 days) as GW) ae ly) ae pill) aS ask) +.18 +143 +.06 +.55 
Newborn guinea 64 81.4 52.7 97.2 37.5 6 93°27) Sls Only 674 eo: 
pig (3-5 days) + .20 + .64 4.72 + .66 + .37 +2.98 +.08 + 1.59 
P, values <i) (a7 () 01 <a, (0) 1 en <.01 INS gel <.05 


“»e4d: each sample represents pooled specimens of brain or plasma obtained from 10, 4, 3, 


and 2 animals respectively. 


P,, P2; tests of significance for differences between newborn and older, and older and adult 


rats, respectively. 


P,; tests of significance for difference between newborn rats and newborn guinea pigs. 


* Mean + stand. error. 


only in 45% of the animals tested; a gener- 
alized clonic seizure was observed in the re- 
mainder. In the newborn guinea pig, seizures 
in response to a 50 m. amp. electroshock 
stimulus were unlike those in the newborn rat 
and corresponded more closely to responses 
obtained in the rat aged 15 to 20 days and 
the adult rat. Generalized clonic movements 
were preceded by tonic extension of the fore- 
limbs but a maximal seizure with extension of 
the hind-limbs was observed rarely. 


Water and electrolyte analyses. Table I 
shows concentrations of water and electro- 
lytes in brain and plasma of newborn, 1- 
month-old and adult rats and of newborn 
guinea pigs. Table II shows the intracellular 
()« and extracellular (), concentrations of 
water, sodium and potassium in the brain. In 
Fig. 1, ratios of cellular to extracellular brain 
water and electrolyte concentrations are 
shown in relation to seizure susceptibility in 
rats. In newborn compared with older and 
adult rats, the potassium concentration in 
whole brain is 18% lower and the sodium 
and chloride, 27% and 40% higher, respec- 
tively. The water concentration of the new- 
born compared with adult brain is 10% 
higher but the ratio of cellular to extracellu- 
lar brain water is approximately one-half that 


of the older animals. Ratios of cellular to 
extracellular potassium and of extracellular 
to cellular sodium in the brain of 30-day-old 
rats are lower than in adults. The highest 
ratio of extracellular to cellular sodium in the 
brain is found in newborn rats. In the new- 
born guinea pig, the concentration and dis- 
tribution of water and electrolytes in the brain 
are significantly different from the values ob- 
tained in the newborn rat. The newborn 
guinea pig corresponds more closely to the 
older and adult rat, both with regard to seiz- 
ure susceptibility and brain water and elec- 
trolyte metabolism. 

Brain carbon dioxide content. Fig. 2 shows 
total carbon dioxide content of the brain in 
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AGE IN DAYS 
PIG. 2. Total carbon dioxide content of brain of 
rats 1 to 38 days of age in relation to brain ear- 
bonie anhydrase activity. Each point and vertical 
line represents respectively the mean and range of 
separate estimations on an avg of 5 specimens. 
Triangles are mean values of separate estimations 
on each of 2 to 4 animals, 
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+ 3 = a Bo ie rats 2 to 38 days of age, bred from the Holtz- 

=) yee Hye man strain. When compared with carbonic 

ae ae fairl V anhydrase, a relatively high level of carbon 

ieee 48h ss dioxide in the newborn brain is associated 

s 3 e 2 28 with a low enzyme concentration. In 26-day- 

2 8 HS HS 4 He old rats which have a high level of brain en- 

- 5 a |2 A 9 V a av zyme activity, brain carbon dioxide content 

Ge eie ~ ~ so is 38% lower than in newborn rats (P<.001). 

| mo ! rte ee) ge! e When compared with those observed in rats 

ree 3 | OTe toys rt of the Holtzman strain, the values obtained in 

Sa Bae: bi = ul p S 6 Sprague-Dawley rats were equal in the 4- 

| S | | S ss v as Vv | day-old but higher in 26-day-old animals. In 

OS" SS a cae ea a this strain, a difference of 20% in the brain 

e | = carbon dioxide content of newborn and older 

a < S : z | # rats was observed (P<.001). In an initial 

= HS 4S 4 48 eB study of 8 rats aged 38 days and 2 aged 2 

eievels ail <o days, the values obtained with brain brei were 

= AS ae 1 mM/kg lower than those with whole brain. 

| “hid fae oe | : = The difference was not significant (P>0.1), 

a Ee a ee ee og but all subsequent estimations were performed 

g ae 4 HS H H = vo Eh on whole brain. 

Zee = 4 E a ss us : = Effect of acetazolamide on brain carbon di- 

) A ae ee Boss oxide. In 2 groups of 24-day-old rats treated 

! ee te em bs 2 <b with acetazolamide the brain carbon dioxide 

=z "2 ae " a = aE content was 20.3 and 23 mM/kg; values 

Pe bss V Ss V er aA ee obtained in control animals were 18 and 19.2 

his S@ Ss Hog mM /kg, respectively. Thus, inhibition of car- 

ia or Sut bonic anhydrase by acetazolamide was asso- 

erp a ‘= oe ciated with an increase in brain carbon di- 

( vo ha on ee aleBs oxide of 12% (P<.05) in one group and 20% 
| i 7 7 MNS ee (P< .001) in a second group of rats. 

| a 4 = " = x E Ae Discussion. In the present series of inves- 

| bs (| 2 me Pu 6 38 tigations, susceptibility to maximal electro- 

ee ee See eg shock seizures in rats was greatest at one 

53 ! teen =S Het Sts 4: month of age. In newborn and adult rats, a 

= E 2|a V a be = ag Shih ae low degree of susceptibility or high threshold 

Re ee 5S to electroshock seizures was observed. ‘The 

its Sle ¥ FB me inability of the newborn rat to respond maxi- 

ere pon Tia ~ mally with a tonic seizure pattern is in accord- 

| 8 | HS Hl 7 i + y, Bee ance with clinical observations and the infre- 

iS | ag ae Bohs ies quent occurrence of generalized tonic-clonic 

Soe Se See seizures in immature infants. We have ob- 

es a a : aS served in the newborn that the clinical pat- 

EF ee ao 8 tern of a seizure consists principally of tre- 

=| en i ae Fie mors and opisthotonic and myoclonic spasms. 

Fils & 3 Si Ze In infants and in adults, history of an in- 

a S oa ey e a ate herited lowered threshold to seizures is rela- 

S P $66 2 3 g E al tively uncommon and seizures are associated 

a ic aS #28 Eat ae usually with structural brain lesions. The 

re a es age of greatest susceptibility is between 4 and 
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8 years, when incidence of those seizures un- 
associated with brain pathology is highest. 


Changes in susceptibility to seizures with 
age have been correlated with the water, elec- 
trolyte and acid-base metabolism of the brain 
in animals of different species. Susceptibility 
to electroshock seizures of newborn, older and 
adult rats is related inversely to the ratio of 
extracellular to cellular sodium ([Na]p/ 
[Na]|c) and directly, to the ratio of cellular 
to extracellular water ((H2O)o/(H2O),) in 
the brain. The large extracellular fluid space 
observed in the newborn may be explained by 
the relatively small nerve cells and the paucity 
of glia and cell processes at this age. How- 
ever, the possible effect of an increased per- 
meability of cell membranes to chloride ions 
cannot be excluded. In newborn and adult 
rats, susceptibility to electroshock seizures is 
related inversely to total carbon dioxide con- 
tent of the brain. The reciprocal relation be- 
tween carbon dioxide and carbonic anhydrase 
concentrations in the brain is seen in Fig. 2. 
In agreement with observations in adult rats,? 
inhibition of carbonic anhydrase by acetazo- 
lamide in 1-month-old animals is associated 
with an increase in carbon dioxide content of 
the brain. In the newborn guinea pig, an 
animal more mature than the rat at birth, 
degree of seizure susceptibility and concentra- 
tions of water and electrolytes in the brain 
resemble those of older and adult rats. In 
addition, brain carbonic anhydrase activity 
in the newborn guinea pig is greater than that 
in the newborn rat and corresponds more 
closely with the level of enzyme activity ob- 
served in older rats(1). 


The relation between seizure susceptibility, 
carbonic anhydrase activity, and water, elec- 
trolyte and acid-base metabolism demon- 
strated in developmental studies is supported 
by observations in adult animals treated with 
acetazolamide. The anticonvulsant effect of 
acetazolamide is related directly to inhibition 
of brain carbonic anhydrase(9); it is asso- 
ciated with an accumulation of carbon dioxide 
in the brain which, in certain concentrations, 
is known to depress seizure activity. Acetazo- 
lamide decreases the permeability of brain 
cell membranes and the rate of uptake of ra- 


diosodium; anticonvulsant doses effect an in- 
crease in the ratio of extracellular to cellular 
brain sodium.? An increase in ratio of cellu- 
lar to extracellular potassium ([K]c/[K]x) 
observed in adult rats treated with acetazola- 
mide is not demonstrable in newborn rats 
which have a low level of brain carbonic an- 
hydrase and a high threshold to seizures. 
However, when results obtained in 30-day-old 
and adult rats are compared, the correlation 
between seizure susceptibility and distribution 
of potassium is similar to that observed in 
acetazolamide-treated animals. The catalytic 
activity of carbonic anhydrase and the local 
acid-base changes produced are involved in 
transport and distribution of ions in brain tis- 
sue. Development of susceptibility to seizures 
in young animals is related to the maturation 
of carbonic anhydrase activity and to the ef- 
fects of the enzyme on acid-base and water 
and electrolyte metabolism of the brain. 


Summary. In newborn, 1-month-old and 
adult rats, susceptibility to maximal electro- 
shock seizures has been correlated with dis- 
tribution of water and electrolyte concentra- 
tions and total carbon dioxide content of the 
cerebrum. Seizure susceptibility is greatest 
at one month of age. It is related inversely 
to the ratio of extracellular to cellular sodium 
and directly to the ratio of cellular and extra- 
cellular brain water. The relation to distribu- 
tion of potassium is inconstant. The newborn 
guinea pig, an animal more mature than the 
rat at birth, corresponds more closely to the 
older and adult rat, both with regard to seiz- 
ure susceptibility and brain water and elec- 
trolyte metabolism. Failure to induce con- 
vulsions in the newborn rat is associated with 
a high level of total carbon dioxide in the 
brain. Development of seizure susceptibility 
in older rats is related to a rise in brain car- 
bonic anhydrase activity and to a reciprocal 
fall in total carbon dioxide content of the 
brain. 
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Hepatic Uptake and Biliary Excretion of Indocyanine Green in the Dog.* 
(24229) 


Henry O. WHEELER,’ WILLIAM I. Cranston,} AND JAY I. MELTZER 
(Introduced by Stanley E. Bradley) 
Department of Medicine, Columbia University College of Physicians and Surgeons, 
and the Presbyterian Hospital in the City of New York 


Indocyanine green is a water-soluble tri- 
carbocyanine dye developed by Brooker and 
introduced by Fox e¢ al.(1,2) for measure- 
ment of cardiac output by the indicator dilu- 
tion technic. For this purpose its absorption 
spectrum and protein-binding characteristics 
(1) are ideally suited. The results of the 
present investigation indicate that the dye 
may also be of great value in study of hepatic 
function. 

Methods. All studies were conducted on 2 
trained unanesthetized female dogs weighing 
18.9 and 22.0 kg. Several months previously 
each had undergone splenectomy, cholecystec- 
tomy, and preparation of a permanent duo- 
denal fistula using the device described by 
Thomas(3), which permitted access to the 
common bile duct. The dogs remained in 
good health, and hepatic function, as judged 
by repeated measurements of sulfobromoph- 
thalein (BSP) transfer maximum(4), contin- 
ued unimpaired. At the time of each study an 
olive-tipped ureteral catheter (5 or 6 Fr.) was 
inserted through the ampulla of Vater and 
advanced about 5 to 6 cm into the common 
bile duct. The dogs were then placed upright 
in a sling and bile was collected by gravity or, 
when it was particularly viscous, by gentle 


* This work was made possible by grants from the 
New York Heart Assn. and the Department of the 
Army (Contract DA-49-007-MD-205). 

+t Markle Scholar in Medical Science. 

+ Rockefeller Travelling Fellow in Medicine. 


aspiration with a tuberculin syringe. Intra- 
venous injections were given through a poly- 
ethylene catheter introduced through a large 
bore needle in a vein of the foreleg and ad- 
vanced to the region of the right atrium. 


Indocyanine green’ was made up to 250 
mg% in distilled water for injections. In one 
study a continuous infusion of the dye was 
given. This was prepared by mixing 24 ml of 
500 mg% indocyanine green with 51 ml of 
normal saline and 5 ml of dog plasma. (Indo- 
cyanine green is unstable on standing in aque- 
ous solution, and the presence of plasma was 
found empirically to retard its breakdown.) 
Concentration of indocyanine green in plasma 
was measured in a Beckman DU spectro- 
photometer at 810 my after 11-fold dilution 
with normal saline. Concentration standards 
for this determination were also prepared in 
dog plasma. (Dilute aqueous standards are 
unsatisfactory because of marked instability.) 
Bile samples were diluted 25 to 100 times 
with water. One ml of diluted bile was then 
added to 1 ml of dog plasma and 9 ml of nor- 
mal saline and the absorption measured at 
810 mp. Although the dye is quite stable in 
bile even when diluted, the addition of plasma, 
for reasons not apparent, was necessary for 
full color development. BSP concentrations 


§ Kindly supplied as “Cardio-Green” by Hynson, 
Westcott and Dunning, Inc., Baltimore, Md., through 
the courtesy of Dr. John H. Brewer, Director of 
Biological Research. 
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FIG. 1. Comparison of plasma concentrations of 
indocyanine green following administration of 20 
mg intray. with plasma concentrations of BSP fol- 
lowing administration of 50 mg. Values are plotted 
semi-logarithmically against time after inj. 


in plasma and bile were measured at 580 mp 
after suitable dilution and addition of alkali. 
Measurement of the concentration of either 
dye was unaffected by the presence of the 
other. 

Results. A. Disappearance from plasma: 
A single intravenous injection of 20 mg of in- 
docyanine green was administered to each 
dog. During the succeeding 30 minutes 
plasma concentration fell exponentially with 
respect to time (Fig. 1). The half-times of 
the disappearance curves were 5.2 minutes 
and 10.5 minutes in dogs 1 and 2, respec- 
tively. Percentage disappearance rates(5) 
were 13.3% per min. and 6.6% per min. The 
curves were extrapolated back to zero time 
and this concentration value was divided into 
the administered dose to provide a rough esti- 
mate of the initial volume of distribution of 
injected material. This calculation yielded 
values of 830 and 706 ml compared to the 
measured plasma volumes (I'*! labelled albu- 
min) of 871 and 868 ml in these 2 dogs. The 
approximate agreement between volume of 
distribution and plasma volume strongly sug- 
gests that the initial distribution is limited to 
the vascular compartment. Following its in- 
troduction the dye must therefore be very 


rapidly and completely bound to plasma pro- 
tein. 


For comparison, an intravenous injection of 
50 mg of BSP was given on another occasion 
to each of these dogs. Its initial disappear- 
ance rate was more rapid than that of indo- 
cyanine green (Fig. 1), but in contrast to the 
behavior of indocyanine green the disappear- 
ance of BSP did not follow an exponential 
course. 

B. Biliary excretion. The recovery from 
bile of an intravenously administered dose of 
indocyanine green was close to 100% (Table 
I). No dye was detectable in the urine. Ap- 
preciable concentrations of dye were detec- 
table in the bile for over 5 hours after injec- 
tion in dog 1 and 4 hours in dog 2, long after 
its disappearance from the plasma (Fig. 2). 
These findings support the view that hepatic 
removal accounts for rapid disappearance of 
the dye from the plasma. Apparently indo- 
cyanine green, like some of the phthalein and 
flavine dyes(4,6,7,8,9), is rapidly stored in 
the liver and then gradually secreted into the 
biliary tree. The completeness with which it 
can be recovered in the bile by a colorimetric 
method suggests that it does not undergo ma- 
jor chemical alteration during this process. 
Moreover, in ascending paper chromatogra- 
phy . with water saturated n-butanol-acetic 
acid the migration of indocyanine green re- 
covered from several bile specimens was uni- 
form and identical with that of the adminis- 
tered material. In contrast, BSP is excreted 
in several chromatographically distinct forms 
(10). The quantity of the latter dye identi- 
fiable in bile by colorimetric methods is rarely 
over 70 to 80% of an administered dose(6,7), 
and the measurement of S*° labelled BSP in 
the bile indicates that color is partially lost as 
a result of chemical alteration of this dye by 
the liver(11). In view of the behavior of in- 


TABLE I, Recovery of Indocyanine Green in Bile. | 
ol  lle=s=®so eeleleeeeeeeeeeeeC— 
Intray. dose, % recovered 

Dog meg in bile 

1 20 101.5 

2 20 94.2 

2 45 95.9 

l 142 Mea 

Avg 97.3 
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docyanine green such modifications of the 
molecule do not appear to be essential either 
to storage or to transport. 

C. Interference by indocyanine green with 
BSP uptake. A priming dose of BSP of ap- 
proximately 10 mg/kg was administered in- 
travenously and followed by a constant infu- 
sion of about 3.8 mg per min—a rate close 
to the BSP ‘*Tm”(4) measured previously in 
these dogs and therefore designed to maintain 
a constant plasma level. After 30 minutes of 
infusion, control blood and bile specimens 
were obtained during three 10-minute inter- 
vals and then 45 mg of indocyanine green was 
administered to dog 2. During the first 10 
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FIG. 2. Recovery and concentration of indocya 


nine green in bile following intrav. administration 
of 20 mg of the dye. Bile concentratious are 
plotted at mid-point of each collection period. 


Fluctuations in bile concentration in dog 1 were 


related to changes in bile flow. 


minutes after this injection plasma concentra- 
tion of BSP rose sharply from 3.6 to 5.1 mg % 
and then returned gradually to the control 
level over the next 100 minutes as the indo- 
cyanine green disappeared (Fig. 3). The bil- 
iary excretion rate of BSP showed a slight 
downward trend throughout the experiment 
and it was difficult to be sure whether this 
was modified during the period of maximum 
indocyanine green excretion. The ultimate 
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FIG. 3. Effect of a single intrav. inj. of indocya- 
nine green given during a continuous infusion of 
BSP. Thirty-one min. before time zero 200 mg of 
BSP was administered intrav. as a priming dose. 
At the same time an infusion of 3.81 mg/min. was 
started and maintained throughout the study. 


recovery of indocyanine green in the bile was 
95.9% (Table I). 

In dog 1, after a similar control period, a 
45 mg dose of indocyanine green was followed 
by an infusion of 2.02 mg/min over the next 
48 minutes (total quantity administered, 142 
mg). Again the BSP plasma concentration 
rose sharply (from 2.9 to 4 mg %), then con- 
tinued to rise very slowly throughout the in- 
docyanine green infusion, after which it re- 
mained elevated and constant (Fig. 4). The 
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FIG. 4. Effect of combined infusions of indocya- 


nine green and BSP. Forty-five min. before time 

zero 250 mg of BSP was administered intrav. as a 

priming dose. At the same time an infusion of 

3.91 mg/min. was started and maintained through- 

out the study. Bile was collected for 3 hr beyond 

the time shown above in order to measure total re- 
covery of indoeyanine green. 
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biliary excretion rate of BSP appeared to be 
reduced during the period of maximum indo- 
cyanine green excretion. It rose thereafter, 
but since it never quite returned to the control 
level it is difficult to interpret this observation 
with certainty. Eventual recovery of indo- 
cyanine green from the bile in this study was 
97.7% of total administered dose (Table I). 

It is clear that indocyanine green interfered 
with hepatic uptake of BSP from the plasma 
in both dogs. However, this interference ap- 
parently was overcome by an elevation of the 
BSP concentration so that, in spite of the 
continued presence of indocyanine green, BSP 
removal rate from plasma again became prac- 
tically equal to the infusion rate. It is under- 
standable that this should occur since the re- 
moval of BSP from plasma does not appear 
to be a rate limited process (in contrast to 
biliary secretion), and rate of removal is nor- 
mally accelerated whenever there is an incre- 
ment in plasma concentration(4). Whether 
indocyanine green partially inhibits an he- 
patic BSP uptake mechanism, whether the 2 
dyes compete for a common mechanism, or 
whether indocyanine green displaces BSP pre- 
viously stored in the liver cannot be deduced 
from the present data. Although the last 
study (Fig. 4) suggests that indocyanine 
green may also interfere or compete with BSP 
in the biliary secretory process, further clari- 
fication of this and other possibilities must 
await the availability of much larger quanti- 
ties of the new dye. 

D. Intestinal absorption. Through the 
Thomas fistula 20 ml of aqueous solution con- 
taining 25 mg of indocyanine green was in- 
troduced into the duodenum of dog 2. Bile 
was collected over the next 4 hours. Low 
concentrations of indocyanine green were de- 
tectable in the bile after one hour, reaching 
a maximum during the third hour and dimin- 
ishing thereafter. The total quantity recov- 
ered in 4 hours was 0.47 mg, or 1.9% of the 
administered dose. 

To the same dog on another occasion 31 ml 


of bile (from the study on dog 1 described in 
the preceding section) containing 46 mg of in- 
docyanine green, was administered into the 
duodenum. There was no detectable indocy- 
anine green in the bile collected during the 
next 3 hours. 

It is concluded that the intestinal absorp- 
tion of indocyanine green is minimal and that 
reabsorption and recirculation of material ex- 
creted in the bile should introduce no signifi- 
cant error into studies undertaken without 
bile collection. 

Summary. 1. Indocyanine green given in- 
travenously to dogs is distributed in the 
plasma compartment and rapidly removed by 
the liver. 2. Biliary excretion of the dye is 
delayed, but an average of 97.3% of the ad- 
ministered dose is eventually recovered from 
the bile in apparently unaltered form. Indo- 
cyanine green does not appear in the urine. 
3. Indocyanine green interferes with hepatic 
uptake of BSP from the plasma. 4. Absorp- 
tion of indocyanine green from the bowel is 
minimal. 
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Attempts to Produce Localized Shwartzman Reaction in Seven Species of 


Animals.* 
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Douetas E, Jounstone, So. M. MicHarLtson, LAWRENCE TUTTLE AND 
Jor W. HowLanp 
Department of Radiation Biology, University of Rochester School of Medicine and Dentistry, 
Rochester, N. Y. 


When an intradermal injection of certain 
bacterial toxins is followed after 24 hours by 
intravenous injection of a similar toxin, a 
gross hemorrhage occurs at site of intra- 
dermal injection. Since the observation of 
this phenomenon by Shwartzman(1), the liter- 
ature(2) on the subject infers that the reac- 
tion occurs in many species besides the rabbit. 
Increased interest in the Shwartzman phe- 
nomenon has come from a recognition that a 
parallel situation may exist in certain human 
disease states. Topley and Wilson(3) summed 
up this concept as follows: “The possibility 
that in natural infections there may be local 
alterations in the reactivity of tissues, par- 
ticularly of vascular tissues, induced non- 
specifically by substances of bacterial origin, 
cannot be overlooked in our attempts to ana- 
lyze the phenomena of resistance to infection. 
Thus the hemorrhagic episodes in certain 
chronic infections of man may be related to 
the (Shwartzman) phenomenon. There is 
ample ground for speculation, but little direct 
proof.” 

The purpose of this study was to attempt 
to induce the localized Shwartzman reaction 
in several mammalian species. 

Methods and materials. The following ani- 
mals were used: 265 New Zealand albino male 
and female rabbits weighing 1.8-2.5 kg, 15 
Macacca mulatta monkeys weighing 4-7 kg, 
20 mongrel male and female dogs weighing 
12-20 kg, 16 guinea pigs, 16 small swine 
(Hormel “minipigs’’) weighing 40-50 kg, 15 
Wistar albino rats and 4 Toggenburg goats 
weighing approximately 30 kg. Three toxins 
were used to elicit the Shwartzman reaction: 
(1) meningococcal “agar washings toxin” fil- 
tered free of bacteria (supplied by Dr. Greg- 

*This paper is based on work performed under 
contract with U. S. Atomic Energy Comm. at Univ. 
of Rochester Atomic Energy Project, Rochester, 
IN Y. 


ory Shwartzman), (2) partially purified 
“polysaccharide toxin” made from a pure cul- 
ture of Serratia marcescenst and (3) a crude 
Serratia marcescens agar washing toxin, pre- 
pared by us from pure culture of this or- 
ganismt by the same technic used in prepara- 
tion of the meningococcal toxin(4). Each 
new preparation of toxin was assayed bio- 
logically to determine optimal dose and con- 
centration necessary to give positive reactions 
in largest percentage of rabbits, while causing 
minimum lethality from the test itself. After 
this assay, the toxins were used in our tests. 
All 3 types of toxin were used in rabbits, mon- 
keys and rats. Only the meningococcal toxin 
and our own Serratia marcescens toxin were 
used in dogs, minipigs, guinea pigs and goats. 

The optimal dosage, previously worked out 
by biological assay in the rabbit, was given 
as a 0.50 ml intradermal dose, followed 24 
hours later by intravenous dose of 1 ml of 
toxin. This dosage was used in the rabbits, 
rats, guinea pigs, goats, and monkeys. Ten 
dogs and 5 swine received 2.5 and 5.0 ml 
respectively for their intravenous dose. For 
further standardization of dosage in large ani- 
mals, 10 additional dogs and 11 swine received 
intravenous doses comparable to that given 
rabbits (0.5 ml of a 1/40 dilution of toxin per 
kilo of body weight). 

Results. Typical positive localized Shwartz- 
man reactions occurred in 165 (62%) of 265 
rabbits tested. No such reaction occurred in 
monkeys, dogs, rats, guinea pigs, goats, or 
minipigs tested (Table I). One of the goats, 
a post-partum lactating female, died several 
hours following intravenous injection of toxin. 
Although there was no local skin hemorrhage 
at site of intradermal injection, microscopic 
sectionst of kidneys of this animal revealed a 
rt Supplied by Dr. Murray Shear, Nat. Inst. Health, 

{ Dr. George Casarett reviewed the microscopic 
sections of goat kidney. 
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LOCALIZED SHWARTZMAN REACTION IN ANIMALS 


TABLE I. Incidence of Positive Localized Shwartzman Reactions in Various Species. 


Toxin used——_H———_,, 


r 


No. of ani-  S. marcescens Meningococeal S. marcescens 
Species mals tested filtrate filtrate polysaccharide 
To To Jo 
Rabbits 265 138/221 62 28/33 85 9/11 82 
Monkeys 15 0/5 0 0/5 0 0/5 0 
Dogs 20 0/15 0 0/5 0 
Goats 4 0/2 0 0/2 0 
Rats 15 0/5 0 0/5 0 0/5 0 
Guinea pigs 16 0/10 0) 0/6 0 
Minipigs 16 0/14 0 0/2 0 


) 


“typical generalized Shwartzman reaction’ 
(5), z.e. focal hemorrhagic cortical necrosis. 
Similar renal lesions were not found in ani- 
mals of other species succumbing as a result 
of our test. No deaths or other untoward ef- 
fects occurred in any of the groups of dogs, 
monkeys, minipigs, guinea pigs, or rats. Al- 
though the amount of toxin per kilo of body 
weight given the goat was markedly smaller 
than that given to rabbits, one goat which re- 
ceived 1 ml intravenously, developed a gen- 
eralized Shwartzman reaction. 

Discussion. Shwartzman(6) was able to 
induce the localized reaction in the golden 
Syrian hamster. He had previously reported 
(2) some success in inducing the phenomenon 
in guinea pigs after many unsuccessful at- 
tempts with the same species. He also men- 
tions that Gratia and Linz(7) produced the 
reaction in guinea pigs, using 6-day-old Vibrio 
cholerae culture filtrate. Vassiliadis(8), 
using both cholera and El Tor vibrios, how- 
ever, was unable to induce the Shwartzman 
reaction in guinea pigs. Gross(9) similarly 
failed, using B. typhosa filtrates. Freund(10) 
was also unable to produce the local hemor- 
rhagic phenomenon in guinea pigs with B. ty- 
phosa preparations, but reported local skin 
hemorrhages in this species, if the animals re- 
ceived a skin-preparatory injection of diph- 
theria toxin, followed in 24 hours by intra- 
venous injection of B, typhosa culture filtrate. 

Generalized Shwartzman reactions (i.e. 
renal cortical hemorrhagic necrosis) were pro- 
duced by Apitz(11) by means of a single in- 
travenous injection of meningococcal toxin in 
pregnant rabbits. Thomas, et al.(5) con- 
firmed this finding. Our experiments showed 


that a generalized Shwartzman reaction could 
be produced in a post-partum lactating goat. 

Conclusions. 1. The localized Shwartzman 
reaction was produced in 62% of 265 New 
Zealand albino rabbits, using 3 different tox- 
ins (a meningococcal agar washings toxin, a 
partially purified “polysaccharide toxin” pre- 
pared from a culture of Serratia marcescens, 
and a crude Serratia marcescens agar washing 
toxin). Using these same toxins, localized 
Shwartzman reactions could not be induced 
in 15 Macacca mulatta monkeys, 20 mongrel 
dogs, 16 guinea pigs, 15 Wistar albino rats, 
16 small swine (Hormel ‘“Minipigs’”’), and 4 
Toggenburg goats. 2. One post-partum lac- 
tating female goat developed a typical ‘‘gen- 
eralized Shwartzman reaction” (i.e. renal cor- 
tical hemorrhagic necrosis). 
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Prolongation and Potentiation of Oral Codeine Analgesia in the Rat.* 
(24231) 


BERNARD A. BECKER AND EpwIn E. Hays 
Research Department, R. J. Strasenburgh Co., Rochester, N. Y. 


Although codeine has only moderate oral 
analgesic properties, it has long been em- 
ployed particularly in combination with as- 
pirin, phenacetin, and caffeine compounds. 
Since even such mixtures must be given every 
few hours for prolonged pain relief, a prepa- 
ration has been sought which would produce 
a longer acting and potentiated response. This 
study describes analgetic activity of codeine 
complexes and combinations having such 
properties. In view of findings that drug- 
resin products dissociate slowly in the G.I. 
tract causing delayed absorption and _pro- 
longed drug action(1,2), codeine has been 
reacted with synthetic ion exchange resinst 
to form a resinate complex which appears to 
have a prolonged duration of action. (Addi- 
tionally, methylatropine and Tuazole (2- 
methyl]-3-orthotolyl-4-quinazolone) have been 
found to potentiate the analgesic activity of 
codeine. Other quinazolones (including 
halogen derivatives) are under investigation. 
These drugs form reaction products with syn- 
thetic ion exchange resins which likewise show 
prolonged action in vivo. 

Methods. The D’Amour and Smith(3) 
apparatus and technique for analgesiometric 
measurement in the rat was used with a 300 
watt AC projection lamp at 95-100 volts as 
a heat source. Two groups of 10 animals 
each were placed in the dolorometer and 
their response time measured. The voltage 
was adjusted so that mean baseline response 
time was of the order of 2 sec. The voltage 
was then kept constant throughout the ex- 
perimental period. The pre-treatment re- 
sponse time of each animal was measured 3 
times. The average of second and third val- 
ues was taken as the animal’s baseline re- 
sponse time. Drugs were given by gavage as 


* A preliminary report of this work was given at 
the Fed. Am. Soc. Exp. Biol., April, 1958. 

+ The sulfonic acid cation exchangers Amberlite 
JR-120 and XE-69 were used. 


aqueous solutions or suspensions at a 5% 
dose volume. Response time was measured 
30 min. after dosing and then at intervals 
usually 1 hour apart. Ten sec was the maxi- 
mal stimulus time in any measurement. For 
each animal, baseline response time was sub- 
tracted from each post-dose response time 
(= A sec). This value less 3 A sec (the cri- 
terion of minimum analgesia) was multiplied 
by hours elapsed after administration of the 
dose (= A sec hr) and totaled (3 A sec hr) 
for each animal. The mean and stand. dev. 
of = A sec hr of test and control groups were 
calculated. “Students t” test was used to 
demonstrate whether the difference of the 
means was Statistically significant. 

Results. Reproducibility of analgesic 
measurements. (1) Rat-to-rat variation is 
large as evidenced by large stand. dev. (2) 
day-to-day variation is greater than dose-to- 
dose variation (Table I). Accordingly, a 
reproducible log dose-effect curve could not 
be derived. Each test is a.1 x 1 direct com- 
parison. 

Codeine sulfate. 50 mg/kg of codeine 
showed effective analgetic response (greater 
than 3 A sec) at 30 min but not after 90 min. 
At 75 mg/kg potency was similar but effec- 


TABLE I. Measurement of Analgesic Activity of 
Codeine Sulfate. 
Dose, mg/kg a4 No. of 
(as codeine ) Date = (A see—3) hr rats 
50 7/15/57 7.64 + 8.7 10 
9/ 3 1.79 + 3.5 9 
6 5.53 + 9.5 8 
i) 1.78 + 5.2 9 
107 73 2.15 + 3.2 4 
1] 17.73 +20.0 8 
24 7.40 + 7.7 3 
25 13.60 +12.6 5 
12/ 4 2.82 + 5.4 10 
3/ 3/58 17.21 +13.1 10 
Mean 7.76 : 
75 7/ 2/57 17.88 +20.3 5 
3 16.56 +20.8 5 
Mean 17.17 


18 ENHANCEMENT OF ORAL CODEINE ANALGESIA 


O—0 CODEINE, 75 MG/KG AS SULFATE 
*—* CODEINE , 75 MG/KG AS RESIN COMPLEX, 
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EFFECTIVE ANALGESIA 


° 2 4 6 8 10 v2 
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FIG.1. CODEINE ANALGESIA IN THE RAT. 
BY RESIN COMPLEX. 


PROLONGATION 


LZA CODEINE SULFATE, 5OMG/KG 
FXY CODEINE SULFATE, SOMG/KG PLUS 
KSI METHYL ATROPINE, 5MG/KG 
20 EE, copeine RESIN COMPLEX, 75MG/KG 
CODEINE RESIN COMPLEX, 75MG/KG 


PLUS METHYL ATROPINE RESIN 
15 COMPLEX, 9MG/KG 
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FIG.3. POTENTIATION OF CODEINE ANALGESIA 
BY METHYL ATROPINE. 


os 
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FA) coveine sucrate, 50MG/KG 
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seen 
FIG.2. EFFECT OF PHENYLTOLOXAMINE ON 
CODEINE ANALGESIA 


£(S SEC.—3) HR. 
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° 
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[J cobeine AS RESIN COMPLEX, 1OOMG/KG 

ZZ] CODEINE AS RESIN COMPLEX, |OOMG/KG 
PLUS TUAZOLE RESIN COMPLE X,20MG/KG 

ANN CODEINE AS RESIN COMPLEX, |OOMG/KG 
PLUS TUAZOLE RESIN COMPLEX,66MG/KG 


F1G.4. POTENTIATION OF CODEINE ANALGESIA BY TUAZOLE. 


FIG. 1-4. 


tive analgesia lasted 90-180 min (Fig. 1). 
Codeine resinate. 75 mg/kg produced ef- 
fective analgesia equal in intensity to that of 
50 mg/kg of codeine as sulfate, but of much 
longer duration (4-12 hr) than that of even 


75 mg/kg of codeine as sulfate. Hence, pro- 
longation of effect is attained. 
Codeine potentiators. Phenyltoloxamine, 


coadministered in doses up to 250 mg/kg did 
not enhance the analgetic activity of 50 mg/ 
kg of codeine as sulfate (Fig. 2). Methyla- 
tropine (Metropine!) at 5 and 10 mg/kg as 
the nitrate enhanced the analgetic action of 
50 mg/kg of codeine as sulfate. 9 mg/kg of 
methylatropine as resinate potentiated the 
analgetic effect of 75 mg/kg of codeine as 
resinate (Fig. 3). Tuazole, which has no 
analgetic properties, in a dose of 20 mg/kg 
increased the analgetic activity of 50 and 100 
mg/kg of codeine as sulfate. When both co- 
deine (100 mg/kg) and Tuazole (20 mg/kg) 

+R. J. Strasenburgh Co. registered trademark for 
methylatropine nitrate. 


were given as resinates, the analgesic activity 
was increased by an average factor of 4.3. 
Increase of the Tuazole dose to 66 mg/kg in- 
creased the factor to 6.4 (Fig. 4). 

Discussion. Prolongation of therapeutic 
activity of a number of drugs has now been 
achieved by reacting them with appropriate 
synthetic ion exchangers(1,2). Where the 
drug resinate exhibits prolongation of action, 
it is less toxic than the soluble salt form when 
compared on a “free” drug basis(4). 

The D’Amour-Smith rat analgesiometric 
technic as a means of predicting analgesic 
drugs has been criticized because of the dif- 
ference in metabolism of codeine in rat(5) 
and man, and the persistence of the tail flick 
reflex after spinal section. Nevertheless, 
Beecher concluded that the D’Amour-Smith 
technic was useful in evaluation of potential 
analgesics (6). 

There is no agreement as to treatment of 
data obtained by the D’Amour-Smith technic. 
Some workers employ an all-or-none basis for 
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evaluation while others treat data as graded 
responses(7). We have employed a combina- 
tion of quantal and graded response criteria. 
Three A sec change in response time is used 
as an all-or-none criterion for establishment 
of adequate analgesia. Pain in man is a 
graded sensation. Therefore, it would appear 
reasonable to treat responses greater than 3 
A sec in the rat as graded responses. The use 
of a 10 sec cut-off time introduces bias into 
the treatment of graded responses(8). How- 
ever, values above 10 sec would be inter- 
preted as having greater analgetic potency 
and thus in this case the bias increases con- 
servatism in predicting the efficacy of new 
analgetics. 

Duration, as well as intensity of effect, be- 
comes a problem in evaluation of long-acting 
drugs. Winter(9) has suggested a simple 
means. However, the calculation employed 
above is considered an improvement in that 
it gives greater weight to duration than to 
degree of analgetic. : 

Successful potentiation of oral codeine anal- 
gesia by non-analgetic drugs has not, to au- 
thors’ knowledge, previously been accom- 
plished. Prostigmine was claimed to potenti- 
ate codeine but this finding was not confirmed. 
Solanaceous alkaloids have been claimed to de- 
press intensity and duration of morphine ef- 
fects(6). The evidence presented here shows 
that methylatropine potentiates codeine anal- 
gesic. The combinations of codeine with me- 
thylatropine and with 2-methyl-3-orthotoly]-4- 
quinazolone, all as ion exchange resin com- 
plexes are now undergoing clinical evaluation. 
Preliminary reports indicate that each of the 
combinations possesses enhanced analgetic po- 
tency and duration of effect(10). 

Summary. 1. The reaction product of co- 
deine and appropriate synthetic ion exchange 
resins has been demonstrated to possess 
analgetic properties of codeine. The resin- 


complex has a longer duration of action than 
does soluble forms of the drug. 2. Codeine 
analgesia has been potentiated by methyl- 
atropine and 2-methyl-3-orthotolyl-4-quina- 
zolone. Both the resin complex and soluble 
salt forms of codeine are potentiated by these 
agents. 3. Resin reaction products of methyl- 
atropine and 2-methyl-3-orthotolyl-4-quinazo- 
lone have been prepared. Both of the drug 
resin combinations exhibit prolongation of ac- 
tion, including the property of codeine poten- 
tiation, the latter drug beng more potent in 
this respect. 4. Combinations of codeine- 
resin complex and of methylatropine or 2- 
methyl-3-orthotolyl-4-quinazolone in resin 
complex form are potent, long acting anal- 
gesics in the rat. 5. Analgesiometric data 
obtained in the rat by the D’Amour-Smith 
method have been treated so as to express 
both duration and intensity of action. More 
weight is given to duration of adequate anal- 
gesia than to intensity of analgesia. 
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Effect of Antioxidants on Dietary Necrotic Liver Degeneration.’ (24232) 


Kaus SCHWARZ 
National Institute of Arthritis and Metabolic Diseases, N.I.H., Bethesda, Md. 


Necrotic liver degeneration is readily pro- 
duced in rats by Torula yeast diets which are 
simultaneously deficient in cystine*, Vit. E, 
and Factor 3(1,2). Since the disease is pre- 
vented by physiological amounts of tocopherol 
(3,4), it belongs to those Vit. E deficiency 
syndromes which show extensive anatomical 
damage and which are fatal. Other such dis- 
eases are encephalomalacia, exudative diathe- 
sis, muscular dystrophy, and acute heart de- 
generation(5).t It is not fully known what 
causes Vit. E deficiency to document itself in 
such a wide variety of pathological lesions. 
However, it is certain that the supply of Fac- 
tor 3-selenium? has a decisive effect on the 
pathology produced by Vit. E-deficient diets. 

In vitro, various forms of Vit. E are effec- 
tive as antioxidants, although greatly diver- 
gent in biological potency(6,7). This has 
been the basis for much conjecture as to their 
mode of action 7m vivo, without leading to an 
accepted, clearly understood concept for the 
biological mechanism of action of Vit. E(8). 
The present paper deals with effects of vari- 
ous groups of antioxidants on dietary necrotic 
liver degeneration. A total of 13 such com- 
pounds was tested. Liver necrosis was found 
very effectively prevented by a few of these 
substances, but not by others. 

1 This manuscript was originally submitted on 
March 16, 1956. 

* Since submission of this paper it has been shown 


that Factor 3 is an organic selenium compound 
(Schwarz, K., Foltz, C. M., J. Am. Chem. Soc., 1957, 
v79, 3292). The protective effect of L-cystine is 
caused by a trace contamination with Factor 3-active 
selenium. To be published. 

+ Multiple necrotic degeneration (heart, liver, kid- 
ney and muscle necrosis) in the mouse also belongs 
into this category. (DeWitt, W. B., Schwarz, K., 
Experientia, 1958, v14, 28). 

{t Various selenium compounds show greatly differ- 
ent biopotencies (Schwarz, K., Foltz, C. M., J. Biol. 
Chem., 1958, v233, 14). The term “Factor 3” is ap- 
plied to designate the biologically active, selenium 
containing substance, or substances, in material of 
natural origin, 


Methods. Assays reported here were car- 
ried out on rats of the Fischer 344 strain(9).§ 
This albino strain has been brother-sister 
mated through more than 60 generations and 
is very uniform in responding to the basal, 
liver necrosis-producing diet. Under our 
standard conditions, Fischer animals require 
an average of 21 days for development of liver 
necrosis, as compared to 45 days for the 
Sprague-Dawley strain referred to previously. 
For protection against liver necrosis, Fischer 
rats need only approximately half as much 
dietary Vit. E as Sprague-Dawley rats. Ne- 
crotic liver degeneration was produced by a 
Vit. E-free, 30% Torula yeast diet, as de- 
scribed previously(1). The  predepletion 
method was used(2). Supplementation of 
the diet with the various antioxidants started 
after the animals had been kept for 12 days 
on the basal ration. In all experiments, un- 
supplemented groups of rats were maintained 
as controls. Food and tap water were given 
ad libitum. Supplements were either added 
directly to the whole diet (D), or suspended 
in Vit. E-free lard before incorporation of the 
latter in the ration (L). Diets were made up 
in 1 or 2 kg lots and fed in porcelain cups 
holding approximately 80 g; these were 
checked daily. Unused diets were stored at 
+4°C. All animals were autopsied, and a 
few animals which died from causes other 
than liver necrosis were omitted. The results 
were evaluated by comparison of numbers of 
survivors, and also of survival times. The 
latter were used for calculation of average 
velocity (Vy, = 100/survival time) of death 
from liver necrosis, as described previously 
(3,10). For estimation of the protection 
caused by a supplement, the V,¢ of the sup- 
plemented group was compared to that of the 
controls. ‘‘Per cent protection” was calcu- 
lated by expressing the reduction of Vg, re- 
sulting from the supplement, in per cent of 


§Cooperation of the Animal Production Section, 
NIH, is gratefully acknowledged. 
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the Vee of the unsupplemented controls (% effects obtained with groups of animals. It 
protection = 100 — (100 X Vy exp.)/Vx is more accurate than the simple comparison 
cont.). This method permits one to express, of numbers of survivors, since it gives con- 
in mathematically correct terms, protective sideration to length of survival of individual 


TABLE I. Effect of Antioxidants on Dietary Necrotie Liver Degeneration. 


-—— Supplement —_, 


A ik hoes ghee of No. of | No. of Duration Vat, avg Jo pro- 
g of die suppl. exp. animals survivorst (days) velocity tection§ 
Ascorbic acid** 

0 C 2 20 ul 5.2 + .21-.6 
5°) D 1 10 2 30 3.4 4 5 33 
2.0 D ky 10 1 30 Of a 28 
Methylene blue chloridett 
0 C 1 10 1 4.3 4+ 6 
1 L 1 10 0 4,9 + 1 
2 L 1 9 3 2.8 + 5 35 
a) L i 10 2 35 a aie? a 36 
1.0 L ut — — 35 
Di-tert-amylhydroquinonet ¢ 
0 Cc 1 8 0 d.2 + .3 
25 D 1 10 9 30 3+ 38 93 
Santoquin§s 
0 Cc 3 29 2 45 + 4-.6 
109 L 2 20 0 3.8 sent (16) 
25 L 2 19 12 35 1.2 + 3—4 73 
Santoflex B|| || 
0 C 3 25 2 4.5 + .5-.6 
005 L 1 10 0 4.3 + .3 
05 L 1 10 1 3.2 4 4 28 
10 L 2 20 il 3.6 + .1-.5 19 
25 L 2 20 2 40 3.0 =e .3—.6 22 
DPPD (N,N’-diphenyl-p-phenylenediamine) {J 
0 C 4 35 0 eee 
000624 L 1 10 0 48 + 2 
-00125 L 2 20 0 3.4 +4 1-2 34 
-0025 L i 0) 0 42 Zs) Se pil 47 
-0050 L 2 20 3 42 6 = 0-2 89 
-0200 L 1 10 10 60 0 100 
0 C 3 25 2 SHO Se Ai Ail 
-00125 D 1 8 1 RES all 32 
.0025 D 2 19 1 42 2b ates eo 50 
-0050 D 1 10 10 42 0 100 
D,L-q-tocophery! acetate 
0 C 2 16 if 5,1 a= .0=.6 
.00125 L 1 9 8 42 (0. 5,0 88 
.0025 L a 9 te) 42 0 100 


* C — control, D = added directly to diet, L = premixed in lard before addition to diet. 

+ If not specially indicated, experiments were terminated between 25th and 35th day. 

t Mean + stand. error. Where several groups are combined, lowest and highest stand. error 
are listed. 
Vee exp, x L060 


§ 100 
V.. control 


|| Toxie. 

J Lower levels tested and found inactive. 

** USP, Merck and Co. 

tt National Aniline Division, Allied Chemical and Dye Corp. 

tt 2,5-di-tert-amylhydroquinone, Eastman Kodak Co. 

§§ 6-ethoxy-1,2-dihydro-2,2,4-trimethylquinoline, Monsanto Chemical Co. 
|| || 6-Phenyl-1,2-dihydro-2,2,4-trimethylquinoline, Monsanto Chemieal Co. 
{1 Food grade, B. F. Goodrich Chemical Co. 
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animal, and permits calculation of averages 
and statistical treatment of the data where 
survival times themselves cannot be averaged, 
due to animals which are maintained alive. 
With increasing duration of survival, velocity 
of death approaches zero (V.¢ of survivors 
—> 0). 

Results. Results are presented in Table I. 
Data obtained in different experiments were 
pooled for each antioxidant, and control 
groups pertaining to tests of each substance 
were also combined. Growth was not signifi- 
cantly affected. Ascorbic acid and methylene 
blue afforded a small measure of protection 
in that they somewhat delayed development 
of the disease. However, rather high levels of 
the supplement were required; the effects 
were relatively small and seemed to reach a 
ceiling, so that with elevated doses no further 
increases in protection were obtained. The 
effect of 2% ascorbic acid in the diet was prac- 
tically identical to that of .5%. Methylene 
blue protected 3 out of 9 animals when sup- 
plied at a .2% level. With .5% of the dye, 
2 out of 10 animals survived; higher levels 
were clearly toxic. 

The following substances were without sig- 
nificant influence. All were tested at dose 
levels up to .5% in the diet: 

Antabuse (tetraethylthiuram disulfide) | 

Hydroquinone! 

NDGA (nordihydroguaiaretic acid)** 


n-Propylgallate (propylester of — gallic 
acid) tt 

DBPC_ (2,6-di-tert-butyl-4-methyl- 
phenol) +# 


Butylated hydroxyanisole$$ 
Propylparasept (propylester of p-hydroxy- 
benzoic acid) |\|| 
The last 5 of these compounds are commer- 
cial, widely used, multiple-purpose antioxi- 
dants of phenolic character. 


|| Purified, Ayerst Laboratories, Inc. 

| Mallinckrodt Chemical Works. 

** Nordigard Corp. 

+t Purified, Heyden Chemical Corp. 

++ Food grade, Koppers Co., Inc. 

§§ Mixed 2- and 3-tert-butyl-4-methoxyphenol, 
Tenox BHA, Eastman Kodak Co. 

|| || Purified, Heyden Chemical Corp, 


Hydroquinone (.5%) was without effect but 
di-tert-amylhydroquinone prevented liver ne- 
crosis almost completely at a level of .25%. 
Effects were also seen from 2 dihydro-quino- 
line derivatives: Santoquin at a .1% level de- 
layed onset of the disease, and .25% pro- 
tected 12 out of 19 animals for more than 35 
days. Santoflex B, only slightly different from 
Santoquin in its constitution, was much less 
active and showed a ceiling in its effectiveness. 


Most conspicuous results were obtained 
with N,N’-diphenyl - p - phenylenediamine 
(DPPD). Activity of this antioxidant was of 
the same order of magnitude as that of D,L-a- 
tocopheryl acetate. Doses of 1.25 and 2.5 
mg% had a pronounced delaying action on 
development of the disease. Out of 20 ani- 
mals receiving 5 mg %, 13 survived for an ex- 
perimental period of 42 days. When .02% 
DPPD was furnished in the diet all 10 ani- 
mals survived; they were killed after 60 days. 
There was essentially no difference between 
diets prepared by mixing of the DPPD into 
lard before addition to the diet, and 2 groups 
which received 2.5 and 5 mg % of DPPD sup- 
plemented by addition directly to the com- 
plete basal ration. Control experiments with 
D,L-a-tocopheryl acetate listed in Table I 
were run simultaneously with some of the 
DPPD experiments. 


Discussion. The present studies evidently 
deal with those aspects of necrotic liver de- 
generation which are related to Vit. E. This 
is also apparent from a subsequent paper, de- 
scribing the effects of intraportal injection of 
antioxidants on respiratory decline(11). The 
effects of antioxidants such as methylene blue, 
Antabuse, ascorbic acid, and nordihydrogu- 
aiaretic acid (NDGA) on various experimen- 
tal Vit. E deficiency diseases in chickens and 
rats were initially investigated by Dam and 
collaborators, as reviewed elsewhere(12,13). 
Liver necrosis was reported to be delayed by 
several of these substances. Moore, e¢ al., 
extended Dam’s studies by testing a series of 
known oxidation-reduction indicators, such as 
dyes related to methylene blue, in Vit. E-de- 
ficient rats(14,15). Singsen, Jungherr, and 
collaborators subsequently detected that some 
commercial antioxidants prevented encephalo- 
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malacia in chickens. DPPD was practically 
as active as a-tocopherol(16). Contrasted 
with these findings is the observation that 
exudative diathesis, another form of Vit. E 
deficiency in the chicken, is much less respon- 
sive to DPPD supplements(17). 


From the results presented here it follows 
that dietary necrotic liver degeneration be- 
longs to those Vit. E deficiency diseases which 
are preventable by certain antioxidants, but 
various antioxidants are widely different in 
their effects. There is no apparent correla- 
tion between antioxidant activity and potency 
seen against liver necrosis. Roughly, the 
tested substances can be divided into 3 dif- 
ferent groups: (I) Ascorbic acid, methylene 
blue, and Antabuse. These may act as anti- 
oxidants, but are better known for other prop- 
erties. Antabuse is inactive at .2%, while 
the other 2 are required in rather large doses 
and afford only a limited, but measurable 
amount of protection. The results with me- 
thylene blue confirm those of Dam and 
Granados(18). In our experiments the effect 
does not surpass the 30 to 40% level of pro- 
tection, even when increased levels of these 
agents are supplied. (II) A group of 5 anti- 
oxidants which are most widely and effec- 
tively used for stabilization of dietary fats 
and other materials, and which are without in- 
fluence on necrotic liver degeneration at the 
tested levels. These antioxidants all have phe- 
nolic properties. (III) Antioxidants which are 
active, namely, di-tert-amylhydroquinone, 
Santoquin, and especially DPPD. These are 
chemically not related to each other. It is at 
present not possible to define the specific 
properties which enable them to protect, like 
Vit. E, against dietary necrotic liver degener- 
ation. Singsen, Jungherr, and collaborators 
have tested a variety of antioxidants against 
exudative diathesis in chickens(16), and have 
reported a scale of relative activities similar 
to that described here. The only substance 
obviously different is DBPC, which is active 
in the chicken, but inactive in the rat. ibe 
“It is inferred that the protective compounds 
function within the tissues and that the re- 
sults are not simply due to stabilization of the 
diet against rancidity. This conclusion is 


warranted in spite of the fact that Torula 
yeast has been reported to contain several per 
cent of unsaturated fatty acids(19), for the 
following reasons: (1) Autoxidation of the 
diet is not involved in production of necrotic 
liver degeneration. The basal diet is stable 
against rancidity; this is due to the presence 
of antioxidants in the yeast(20); (2) The de- 
ficiency can be produced readily by fat-free 
rations(21)4"; (3) If a general antioxidant 
action against rancidity of the diet were in- 
volved, the 5 inactive antioxidants listed in 
group II should be effective. Evidence will 
be presented that the active antioxidants, 
when injected intraportally, are like Vit. E, 
effective within the liver tissue in reverting 
respiratory decline in the Warburg apparatus 
Cry: 

Summary. Thirteen antioxidants were 
tested at varying dose levels against dietary 
necrotic liver degeneration produced in rats 
by a Vit. E-deficient, 30% Torula yeast ra- 
tion. The substances can roughly be grouped 
in 3 different classes: (1) Ascorbic acid (.5% ) 
and methylene blue (.5%) showed activity, 
but did not afford more than 30 to 40% pro- 
tection, even at higher dose levels. Antabuse 
(.2%) was ineffective. (II) Inactive anti- 
oxidants: NDGA (nordihydroguaiaretic acid), 
n-propylgallate, DBPC (2,6-di-tert-butyl-4- 
methylphenol), BHA (mixed 2- and 3-tert- 
butyl-4-methoxyphenol), hydroquinone, and 
others were without effect at dose levels up 
to .5% in the diet. (III) Antioxidants pro- 
tecting against liver necrosis: Di-tert-amyl- 
hydroquinone and Santoquin (6-ethoxy-1,2- 
dihydro - 2,2,4-trimethylquinoline) inhibited 
the deficiency strongly at .25% levels in the 
diet, while Santoflex B (6-phenyl-1,2-dihydro- 
2,2,4-trimethylquinoline, .05 to .25%) was 
slightly active. DPPD (N,N’-diphenyl-p- 
phenylenediamine, food grade) came close to 
Vit. E in activity. 5 mg % DPPD were ap- 
proximately as effective as 1.25 mg % D,L-a- 
tocopheryl acetate. 


Acknowledgement is made to Esther M. Hurley 
and Roswell A. Taylor, Jr., for efficient technical 


~ 4 Incidence and velocity of development of liver 
necrosis are unchanged when fat is eliminated from 
our basal Torula yeast diet. 
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assistance. For samples of antioxidants we are in- 
debted to Ayerst Laboratories, N. Y., Nordigard 
Corp., Chicago, Heyden Chemical Corp., N. Y., Kop- 
pers Co., Pittsburgh, Eastman Chemical Products, 
Kingsport, Tenn., Shell Chemical Corp., N. Y. Mon- 
santo Chemical Co., St. Louis, and the B. F. Goodrich 
Chemical Co., Cleveland, O. 
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Effect of Cortisone and Growth Hormone upon Ductular Cell Proliferation 


in Liver Ethionine Intoxication.* 


(24233) 


RoBERT J. STEIN, GEOFFREY KENT?! AND HANS POPPER 
Abbott Laboratories, Research Division, N. Chicago, Hektoen Inst. for Medical Research of Cook 
County Hospital, Chicago, Ill., and Dept. of Pathology, Mount Sinai Hospital, N. Y. City 


Recently interest was focused upon accu- 
mulation of interstitial cells between liver cell 
plates, as apparent in biliary obstruction and 
dietary disorders(1), and in intoxication with 
carcinogenic drugs(2). These interstitial cells 
have been considered to be epithelium of bile 
ductules(2). Injection of bile ducts demon- 
strated that interstitial cells are to a large ex- 
tent bile ductular cells even though morpho- 
logically they resemble mesenchymal elements 
(3). The interstitial cell reaction has been 
considered a response of the liver to injury, 


* Supported, in part, by Grant No. C-2030, United 
States Public Health Service, National Institute of 
Health. 

+ Present address: West Suburban Hospital, Oak 
Park, Il. 


and this raised the question whether the reac- 
tion can be suppressed by anti-inflammatory 
agents, such as cortisone. Since this reaction 
can be elicited with reproduceable regularity 
in ethionine intoxicated rats(4), the influence 
of simultaneous cortisone administration was 
studied in view of known effect of cortisone 
upon inflammatory reactions in the liver(5,6). 
For comparison the effects of administration 
of growth hormone upon ethionine intoxica- 
tion was also studied because of its influence 
on liver cells(7) and its antiphlogistic effect 
possibly antagonistic to cortisone(8). 
Methods. Female Sprague-Dawley rats 
weighing approximately 175 g were placed in 
individual cages for 25 to 35 days and kept 
on synthetic diet containing vitamin free case- 
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H&E. 
Liver of rat on ethionine diet. 
arranged around lumina (arrow) intermixed with inflammatory cells ineluding segmented leuco- 
cytes. H& EB. 160. 


80. 
FIG. 2. 


FIG. 3. 
H&E. 80x. 
FIG. 4. 


Liver of rat which had received cortisone. 


Interstitial cells consist of ductular cells occasionally 


Severe diffuse fatty metamorphosis. 


Liver of rat on ethionine diet which had received cortisone. Liver damage is the 


same as in rats not receiving cortisone. However, the interstitial cell reaction is almost entirely 


absent. H & E. 80x. 


FIG. 5. Liver of rat on ethionine diet which had received cortisone. In places (arrow) trans- 
itional stages between liver cells and ductular cells are noted. H & E. 160. 


FIG. 6. 


Liver of rat on ethionine diet which had received growth hormone. The interstitial 


cell reaction is almost as severe as in rats not receiving growth hormone and the liver cells show 
damage but no fatty metamorphosis which is seen in rats on growth hormone in the absence of 


ethionine administration. H & E. 160. 


in, 160 g; corn oil, 50 g; sucrose, 750 g; salt 
mixture U.S.P., for depletion diet, 40 g/kilo; 
and adequate vitamin supplements, except for 
riboflavin, 4 mg; and choline hydrochloride, 
30 mg. One group of 10 rats, serving as con- 
trol, were on the basal diet. A second group 
of 20 rats had a dietary supplement of 0.5% 
ethionine. A third group of 10 rats on basal 
diet received 5 mg of cortisone intramuscu- 
larly 3 times a week. A fourth group of 25 
rats on ethionine supplemented diet had the 
same amount of cortisone as Group 3. A 
fifth group of 10 rats on basal diet received 


0.5 mg of growth hormone? (Armour and 
Company’s “SOMAR,” lot no M208) intra- 
muscularly 6 days/week. A sixth group of 20 
animals were on ethionine diet while receiving 
same amount of growth hormone. At com- 
pletion of the experiment, the animals were 


{ The authors are indebted to Dr. Irby Bunding of 
the Armour Laboratories, Chicago, for supplying the 
growth hormone. It was crystallized in a lyophilized 
form. Prior to use it was reconstituted with triple 
distilled water. Portions of rehydrated hormone not 
used immediately were frozen at ~20°C, then thawed 
at room temperature prior to experimental use. 
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TABLE IL. Effeet of Cortisone oad Growth Hormone on the Rat Liver in Ethionine Intoxication. 


i 
ooo eeeEele"=oeS O_O OYQORlOO 


OO eOeOOq*qwoe0ge—a—e—ee ee 


Paren- Interstitial 
Dura- chymal Cell Fatty cells ‘ 
No.of tion degener- regener- metamor- — Duct- Col. Retie- 
Procedure rats (days) ation ation phosis ular Inflamm. lagen  ulum 
Basal diet, 7 d/wk 10 30 0 0 2.0 0 0 0 0 
5% ethionine in basal 20 30 2.0 4.0 0 4.0 1.0 0 4.0 
diet, 7 d/wk 
Cortisone, 5 mg IM 3X 10 30 0 0 1.0 0 0 0 
/wk + basal diet, 7 
d/wk 
Cortisone, 5 mg IM 3X 25 30 1.0 2.0 25 25 Nil 0 1.0 
/wk + .5% ethionine 
in basal diet, 7 d/wk 
Growth hormone, .5 mg 10 30 0 0 4.0 0 0 0 0 
IM 6 d/wk + basal 
diet, 7 d/wk 
Growth hormone, .6 mg 20 30 1.0 2.0 .25 2.0 1.0 0 2.0 


IM 6 d/wk + .5% eth- 
ionine in basal diet, 
7 d/wk 


sacrificed and their livers were subjected to 
routine histologic analysis. The histologic 
study was done without knowledge of experi- 
mental history and individual morphologic 
findings were graded from 0 to 4+ to be sub- 
sequently averaged for the entire group. 

Results. Rats on basal diet exhibited a 
varying but slight degree of fatty metamor- 
phosis and showed occasionally focal necrosis 
associated with accumulation of mononuclear 
cells. Animals on ethionine in the diet showed 
severe single cell degeneration and regeneration 
characterized by focal ballooning and coagu- 
lation of cytoplasm on the one hand and pres- 
ence of very large vesicular nuclei with promi- 
nent nucleoli on the other (Fig. I and 2). 
The liver cell plates were widely separated, 
throughout the lobule, by accumulation of 
cells with vesicular, round or oval nuclei and 
relatively little cytoplasm. In previous studies 
these cells were shown to be ductular cells(3) 
since occasionally they surrounded thin lumina 
and connected with bile canaliculi or portal 
bile ducts. The ductular cells were intermixed 
with unquestionable inflammatory cells in- 
cluding segmented leucocytes. The sinusoidal 
lumen appeared obstructed. Argentaffine fi- 
bers were conspicuously increased but colla- 
genous fibers were virtually unaltered (Table 
ii 

Rats receiving cortisone with the basal diet 
exhibited moderate fatty metamorphosis (Fig. 


3) far in excess of that seen on the basal diet 
alone. In rats on ethionine and cortisone, 
fatty changes were minimal but liver cell al- 
terations were of almost equal degree as in 
ethionine fed rats. The ductular cell reaction 
in contrast was almost entirely absent (Fig. 
4) and the enlarged and damaged liver cells 
were closer to each other. The capillaries were 
clearly recognizable and the Kupffer cells were 
enlarged. The ductular cell reaction was noted 
only in portal spaces and about foci of eosino- 
philic necrosis. The cytoplasm of numerous 
cells in these areas appeared slightly baso- 
philic and more abundant than in ductular 
cells, creating a resemblance to liver cells and 
suggesting a transition between ductular cells 
and hepatic epithelial cells. Mononuclear in- 
flammatory cells and segmented leukocytes 
were entirely absent (Fig. 5). Silver impreg- 
nations exhibited considerably fewer argen- 
taffine fibers than were seen in non-cortisone 
treated rats on ethionine diets. 

Rats on basal diet receiving growth hor- 
mone exhibited a severe fatty metamorphosis 
particularly on the lobular periphery. In con- 
trast, in rats receiving ethionine and growth 
hormone, fatty metamorphosis was not con- 
spicuous and the picture was similar to that of 
rats receiving ethionine alone (Fig. 6) except 
that epithelial cell damage and ductular cell 
reaction were less intense. Distribution of the 
latter was less diffuse and the cells revealed a 
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tendency to arrange themselves around lu- 
mina. In principle, the alterations in this 
group resembled far more those produced by 
ethionine alone than by ethionine with corti- 
sone. 


Discussion. The repeatedly described al- 
terations of liver produced by ethionine (4,2) 
appeared in this series particularly early and 
regularly, probably because use of single 
cages equalized food intake. The alterations 
are characterized by hepatocellular and inter- 
stitial cell changes. Cortisone distinctly sup- 
presses both components of the interstitial cell 
reaction by practically eliminating the in- 
flammatory as well as bile ductular cells. The 
anti-inflammatory effect of cortisone is well 
established(9). Suppression of the diffuse 
ductular cell reaction in the liver deserves 
emphasis and has to be compared with sup- 
pression of other epithelial cell reactions(10- 
13). In circumscribed areas such as portal 
tracts or foci of necrosis, cells are seen which 
suggest a transition betwen liver cells and 
ductular cells. In contrast to previously held 
belief, it appears now established(14) that 
in the embryo liver cells develop into ductular 
cell reaction(2). However, under cortisone 
the direction of the transition under cortisone 
also goes from liver cells into ductular cells. 
One could speculate that under the influence 
of cortisone such a transition is more con- 
spicuous because of retardation of the process, 
and may represent a response to injury. 

The previously demonstrated(3) relation 
between ductular cells and reticulum fiber 
proliferation is confirmed by the smaller 
number of reticulum fibers in  cortisone- 
treated ethionine rats. The liver cell damage 
has been considered an effect of interstitial 
cell reaction(2). However, under cortisone 
treatment they are clearly dissociated. The 
simultaneous disappearance of ductular and 
inflammatory cell reaction suggests that they 
are produced by the same stimulus or that 
the ductular reaction may induce an inflam- 
matory cell response. 

The fatty metamorphosis present to a mod- 
erate degree in rats on basal diet or on corti- 
sone, and to a very conspicuous degree in rats 
on basal diet supplemented by growth hor- 


mone, is absent in ethionine intoxicated rats 
even with the supplements above. This lipo- 
tropic effect may be the result of marked meta- 
bolic disturbance created by ethionine com- 
parable to the lipotropic effect of reduced 
metabolic needs in starvation(15). The ef- 
fect of growth hormone itself is not conspicu- 
ous. It does not exaggerate the interstitial 
cell reaction but, if anything, mitigates it to 
produce a low-grade cortisone effect, perhaps 
explained by its corticotropic effect or corti- 
sone-growth hormone antagonism(16). 
Summary. Administration of cortisone in- 
hibits accumulation of interstitial cells be- 
tween liver cell plates, otherwise produced by 
oral administration of ethionine to rats. The 
inflammatory component of interstitial cells 
consisting of mononuclear cells and segmented 
leucocytes is entirely abolished whereas the 
otherwise prevalent ductular cell reaction, also 
considered a response of liver to injury, is 
almost completely prevented. Where ductular 
cells form, transitions between these and liver 
cells are observed. Liver cell degeneration 
characteristic of ethionine intoxication is not 
influenced by cortisone. Administration of 
growth hormone has a greatly reduced corti- 
sone effect. Ethionine intoxication prevents 
the fatty metamorphosis produced by admin- 
istration of cortisone and growth hormone. 


The authors are very grateful to Miss Helene Tzit- 
sikas and Mr. Tom Svete for their technical assis- 
tance. 
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Fractionation of Cell Types in Ehrlich Ascites Fluid by Sucrose Gradient 


Centrifugation.* 


(24234) 


“A. O. HawTREY (Introduced by A. Polson) 
Liesbeek Cancer Research Clinic, Liesbeek Road, Rosebank, Cape Town, S. Africa 


For studies in our laboratories concerning 
the influence of X-irradiation on cell metabo- 
lism, it was necessary to obtain a supply of 
Ehrlich Mouse Ascites Tumor Cells free from 
erythrocytes, leucocytes and other cell types 
usually present in ascites fluid. 

Erythrocytes may be removed by lysis with 
hypotonic saline which appears to leave ascites 
cells intact(1,2). Centrifugation of the mixed 
cells in Krebs-Ringer bicarbonate or isotonic 
saline affords a rough separation between 
erythrocytes and tumor cells whereby either 
layer may be scooped out with a glass spatula 
(3). The counter-streaming centrifugal pro- 
cedure of Lindahl and Klein(4) yields consid- 
erably purified tumor cell preparations, but 
none in which contaminants are completely 
absent. 

We have shown that centrifugation of the 
mixed cells through a sucrose gradient affords 
a separation into 4 distinct bands of different 
cell types. One of these appears to consist of 
pure ascites tumor cells which are viable. 

Methods. Fractionation of cell types. A 
suitable sucrose gradient was prepared in a 


* The work was conducted at the instigation of 
Professor J. van Roojen- I am indebted to Dr. A. 
Polson for suggesting the use of a sucrose gradient, 
to Dr. G. de Kock for microscopical identification of 
thencells; to Dr, Moy HSsilkvand: Mire Lalo G\iace 
intosh for manometric measurements, and to Mr. 
H. F. Montauban van Swijndregt for valuable tech- 
nical assistance. The Ehrlich ascites tumor was origi- 
nally supplied to us by favour of Dr. Kanematsu 
Sugiura of the Sloan-Kettering Institute. 


centrifuge tube (17 x 3 cm diameter). After 
first filling with 0.07 M phosphate buffer of 
pH 7.4, a layer of 50% w/v sucrose in phos- 
phate buffer was introduced into the bottom 
2 cm of the tube using a long Pasteur pipette 
with a small upturned tip. Successive 1 cm 
layers of sucrose solutions in phosphate buffer, 
each solution 5% w/v less in concentration 
than the previous one, were then introduced 
by upward displacement through the Pasteur 
pipette until a concentration gradient of 10- 
50% w/v of sucrose was obtained. After 
standing 15-30 minutes a glass rod was moved 
gently up and down through the solution to 
ensure an even gradient. Mouse ascites fluid 
(10 ml) was mixed with sodium citrate anti- 
coagulant solution on withdrawal, then centri- 
fuged. The cell mass (2-3 g wet wt) was twice 
washed in isotonic saline at 5°C and finally 
resuspended in 10 ml saline. A portion of the 
cell suspension (1.5-2.0 ml) was carefully 
layered on top of the sucrose gradient, and 
the tube centrifuged at 250-300 rpm for 30 
minutes at 10-15°C. 

Viability tests. Separate experiments were 
carried out to test the effect of strongly hyper- 
tonic (1.17 M) 40% sucrose solution on the 
viability of ascites tumor cells. 

1. Oxygen uptake of ascites cells treated 
with 40% sucrose solution in phosphate buf- 
fer. A suspension of saline-washed mixed as- 
cites cells was prepared in phosphate buffer 
containing 40% w/v sucrose. The suspen- 
sion was divided into 2 portions, one of which 
was allowed to stand 40 minutes at 23°C, 
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chiefly lymphocytes with 
MONONUCLEARS , occasional erythrocytes, 

4 and twnor cella. 
MONONUCLEARS (chiefly lymphocytes with 


occasional tumor cells). 


fr (morphologically 
homogenous and well, defined). 


% Sucrose in 0.07 M Phosphate Buffer (pH 7.4). 


ASCITES TUNOR CELLS. 


UNIDENTIFIED DESRIS (with occasional 
) 


tumor cells). 


FIG. 1. Fractionation of cell types present in Ehr- 
lich mouse ascites fluid by means of centrifugation 
in a sucrose gradient. 


and the other for the same time at O0°C. 
Thereafter both portions were dialysed for 
1% hours at 4°C against 0.15 M_ sucrose 
(5% w/v) in phosphate buffer. The cells were 
removed from residual sucrose solution by 
centrifugation, after which they were resus- 
pended in a medium consisting of mouse as- 
cites serum previously neutralized with hydro- 
chloric acid, buffered with 0.03 M phosphate 
to pH 7.4 and fortified with 0.25% w/v d- 
glucose. The final suspension contained 40 
mg of sucrose-treated cells/1 ml of fluid and 
was used for measurement of oxygen uptake 
in Warburg manometers at 37°C. 

2. In vivo test of viability of ascites cells 
treated with 40% sucrose in phosphate buf- 
fer. In addition to measurements of respira- 
tory function, the viability of 40% sucrose 
treated cells was tested in vivo. Portions (0.1 
ml) of the final suspension of treated cells in 
phosphate buffered and glucose fortified as- 
cites serum were inoculated into mice undei 
conditions used for routine transplantation of 
Ehrlich Ascites tumor. 

Results. After centrifugation the sucrose 
gradient was examined against the light. Four 
distinct bands of cells were revealed, together 
with some coarser material deposited at bot- 
tom of the tube. Microscopic examination of 
the bands was carried out, following their 
careful removal with a sampling pipette. The 
composition of the various layers is illustrated 
in Fig. 1. 


In some runs a thin white band (Band A— 
Fig. 1) of unidentified material was seen 
above the erythrocyte layer. The main bulk 
of ascites cells was found to sediment at the 
40% sucrose level. In certain cases continued 
centrifugation (15-30 minutes) resulted in 
separation of a further narrow band of ascites 
cells from below the main bulk, indicated by 
a broken line at the 45% sucrose level in 
Fig. 1. 

Ascites cells removed from the sucrose 
gradient appeared to be intact. The cell mem- 
brane was somewhat crinated and ratio of cy- 
toplasmic to nuclear volume reduced owing to 
a certain amount of dehydration. The cells 
appeared to be more intensely stained by 
haematoxylin-eosin than fresh untreated as- 
cites cells. 

Although large mononuclears were probably 
present in the main band of ascites cells, these 
were not directly sought by means of the spe- 
cial technics required to distinguish them 
from ascites cells. 

The respiratory function of ascites cells 
was apparently not impaired after contact 
with strongly hypertonic 40% w/v sucrose. 
The Qo.t of the cells maintained for 40 min- 
utes in 40% w/v sucrose at 23°C was —5.1 
while that of cells maintained for the same 
time at O°C was —5.4. Both values are within 
the limits of —5.0 to —10.0 quoted by War- 
burg(5) for ascites cells metabolizing in as- 
cites serum, and would indicate that viability 
of the cells is not affected by contact with 
40% w/v sucrose for the time required during 
centrifugation. 

Tumors were produced in 100% of mice in- 
oculated with the 40% sucrose treated ascites 
cells thus providing additional evidence of via- 
bility. 

Application of Schreck’s staining test(6) 
to a sample of 40% sucrose-treated cells 
showed that at least 50% were definitely 
viable. 

Discussion. Centrifugation of mixed as- 
cites cells through a sucrose gradient appears 
to be a satisfactory method of obtaining pure 


+ Qo. values expressed as ul O2/mg dry wt/hour. 
Respiration remained undiminished in measurements 
of Qo» over 60 min. 
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ascites tumor cells which are viable and mor- 
phologically intact though somewhat dehy- 
drated. Since the fractionation achieved de- 
pends upon density of the various cells present 
as well as viscosity and temperature of the 
sucrose gradient, minor variations in degree 
of separation may be expected with samples of 
ascites fluid withdrawn at different times after 
inoculation of a host mouse. The method 
affords a rough fractionation between small 
and large ascites tumor cells, as well as be- 
tween these and the erythrocytes and lympho- 
cytes usually present in ascites fluid. The 
technic forms a useful basis for study of tu- 
mor cell-lymphocyte inter-relationships(7). 
For example, the influence of the lymphocytic 
cells on in vitro growth of ascites tumor cells 
is being studied in these laboratories. 
Summary. Mixed cell types present in 
Ehrlich ascites tumor fluid have been sepa- 
rated by centrifugation through a sucrose 
gradient. The method affords a fractionation 
into 4 distinct bands of cell types. One of 
these appears to consist of pure ascites tumor 
cells, although no special technics were ap- 
plied to determine whether any large mono- 


nuclears are also present in this band. Ascites 
cells removed from the gradient appear to be 
intact. The cell membrane is somewhat 
crinated and ratio of cytoplasmic to nuclear 
volume reduced owing to a certain amount of 
shrinkage through dehydration. The cells 
have been shown to be viable after contact 
with hypertonic sucrose in the gradient. Their 
oxygen uptake is equivalent to that of fresh 
untreated ascites cells, and they are capable 
of producing tumors when inoculated into 
mice. The separation technic forms a useful 
basis for study of tumor cells—lymphocyte 
inter-relationships in ascites fluid. 


1. Harrington, H., Lavik, P. S., Cancer Research, 
1957, v17, 43. 

2. Horn, ©. Cy 7bid., 1955.) vit5,. 063; 

3. Jacquez, J. A., ibid., 1957, v17, 890. 

4. Lindahl, P. E., Klein, G., Nature, 1955, v176, 


5. Warburg, O., Science, 1956, v123, 309. 

6. Schreck, R. A., Am. J. Cancer, 1936, v28, 389. 

7. Humble, J .G., Jayne, W. H. W., Pulvertaft, 
R. J. V., Brit. J. Haematol., 1956, v2, 283. 
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Method for Isolating Single Cells and Preparation of Clones from 


Human Bone Marrow Cultures.* 


DorotHy M. SCHENCK AND MERWIN MoskowlTz 


(24235) 


(Introduced by W. A. Hiestand) 


Dept. of Biological Sciences, Purdue University, Lafayette, Ind. 


In our studies with normal human bone 
marrow cellst attempts were made to obtain 
cultures derived from single cells. The tech- 
nic of Sanford(1) using capillary tubes proved 
inefficient and the plating technic of Puck 
(2) did not appear reliable insofar as cer- 
tainty that the clones were derived from a 


* These studies were supported in part by research 
grant from Nat. Science Fn. 

t The cells were the Mox strain obtained from Dr. 
McCulloch of Connaught Med. Res. Labs., Univ. of 
Toronto, Can. This is an established strain normally 
maintained on medium 1066 plus 20% horse serum. 
The 1066 is obtained from Connaught Med. Res. 
Labs. 


single cell. When these cells are plated in a 
Petri dish they grow in apparent clones on 
the glass; however, inasmuch as they migrate 
on surface of glass and are occasionally re- 
leased from the glass and settle at other loca- 
tions we could not be certain that a culture 
obtained from such a colony had indeed been 
derived from a single cell. To obtain cultures 
which would unquestionably be derived from 
single cells the technic which will be described 
was developed. This technic involves placing 
small glass squares in a Petri dish, adding a 
suspension of cells to the dish, removing the 
individual glass squares and observing them 
microscopically, selecting glass squares con- 


CULTURING SINGLE MAMMALIAN CELLS 31 


taining a single cell and placing them in cul- 
ture vessels. 


Materials. Glass squares. The glass 
squares were of pyrex glass 3 mm square and 
0.13-0.16 mm thick. They were at first cut 
from #1 Corning brand coverslips after cover- 
slips had been cleaned by tissue culture meth- 
ods. They were later obtained cut to speci- 
fications by the Corning Glass Works. The 
latter squares were more uniform in size and 
had smoother edges, but were somewhat more 
difficult to clean because of their size. The 
observation apparatus consists of a dust 
guard, sterile moist cotton pledgets, sterile 
glass slide, and slide carrier (Fig. 1.) The 
dust guard was made by cementing 2 pieces 
of small glass tubing (3 mm o.d.) to edges of 
a glass slide. The slide carrier consists of 
plastic platform 15 mm high and is used 
merely to raise the remainder of the apparatus 
so that it may be more easily handled. Vial 
cultures. Flat bottomed shell vials 15 x 45 
mm were used as culture vessels. To permit 
microscopic examination and photography 
with an inverted microscope, glass caps were 
used instead of rubber stoppers. The caps, 
20 mm in height, were made by cutting off 
19 x 65 mm vials. CO. chamber. Vial cul- 
tures were placed in desiccator for incubation. 
To facilitate handling, a long bolt was at- 
tached to the porcelain plate. Glass caps simi- 
lar to those mentioned above were cemented 
to the plate to hold the culture vials. A small 
amount of water was placed in bottom of 
desiccator to minimize evaporation of fluid 
from the cultures. The pH of cultures was 
adjusted with CO,. Procedure. One ml of 
nutrient medium was added to 60 mm Petri 
dish containing 30-36 of the 3 mm glass 
squares. The Petri dish was then shaken 
until all glass squares were wet and sank to 
bottom. Cells were washed from glass surface 
of culture vessel by forceful pipetting with a 
curved capillary pipette or trypsinized off 
with trypsin solution (0.05% Difco 1/250 in 
medium 1066). A cell count was taken with 
a hemocytometer and the cells diluted with 
nutrient medium to final concentration of 150 
cells/4 ml. The cell suspension was added 
to the Petri dish and gently rotated to dis- 


FIG. 1. Observation apparatus. A: Dust guard. 
B: Glass slide containing glass squares. C: Slide 
carrier. 


perse the cells. The Petri dish was placed in 
a desiccator and the pH adjusted to 7.2 with 
CO. The culture was incubated at 37°C un- 
til cells settled and adhered to the glass. Time 
varied from 2 to 20 hours depending on cell 
type. The Petri dish was then rotated gently 
and the fluid discarded to remove unattached 
cells. Five cc of new nutrient fluid were 
added. The small glass squares were then 
examined for presence of single, healthy-ap- 
pearing cells by removing them and observ- 
ing them under microscope with the appara- 
tus shown in Fig. 1. A sterile glass slide (B) 
was placed on slide carrier (C). Five or 6 
of the glass squares were picked up with fine 
forceps and placed on glass slide. Care must 
be taken that the drop of fluid accompanying 
each square is spread on the glass so that no 
dark areas at edge of drop are present. A 
moistened, sterile cotton pledget was placed 
at each end of the slide to decrease evapora- 
tion of nutrient fluid and the slide was covered 
with a sterile dust guard (A). The glass 
squares were scanned at 75X magnification. 
If one cell was observed on a glass square the 
glass square and drop of fluid were reexam- 
ined at a higher magnification to verify pres- 
ence of but a single cell. The desired glass 
squares were then transferred to vials con- 
taining 0.6 ml of medium preheated to 37°C. 
The vials were placed in the desiccator and 
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pH adjusted with CO.. They were incubated 
at 37°C until a relatively large colony de- 
veloped. The colony was broken up and the 
cells dispersed over bottom of vial by force- 
ful pipetting with capillary pipette. The cul- 
tures were reincubated until growth covered 
the bottom of vial. At that time the cells 
were loosened from the glass by forceful pipet- 
ting with a capillary pipette and the cell sus- 
pension transferred to a 13 x 100 mm pyrex 
tube. Fresh nutrient fluid was added to the 
vial and this culture was maintained until the 
clone was well established in tubes. 


In some instances the cells were grown in 
solid medium. Three-tenths ml of medium 
containing 0.4% agar was placed in the vial 
and allowed to harden, the glass square was 
dropped onto the surface, and 0.3 ml of agar 
was then added on top. A colony develop- 
ing in agar was allowed to grow until macro- 
scopic in size. It was then dissected out, 
transferred to a vial containing 0.6 ml of li- 
quid medium and thereafter treated as above. 


Discussion. The percentage of glass 
squares found to contain but a single cell 
ranged from 12 to 27% of those examined. 
The percentage of single cells on glass squares 
that developed into cultures under specific 
conditions ranged from zero to 70%. Under 
a specific set of conditions some cells have 
proliferated well, whereas others have failed 
to proliferate or have done so very slowly, 
developing into transferable colonies only 
after 78 days as compared to 22 days for the 
former. All the different types of cells iso- 
lated from the Mox strain, at least those that 
can be divided into types on the basis of their 
morphology, are capable of developing into 
cultures from single cells but will do so only 
when growth conditions are appropriate. For 
instance, with one type of cell no colonies de- 
veloped from single cells in the regular me- 
dium, but 60% of the cells proliferated well 
when the serum concentration was decreased. 

This technic has certain advantages. Since 
the cell is attached to glass rather than sus- 
pended in fluid its morphology and condition 
may be more easily determined. Only cells 
which appear to be healthy need be selected 
for use. In instances where cells may be dif- 


ferentiated on morphological grounds, the 
selection of a particular type of cell is pos- 
sible. The small glass squares are easily 
handled and may be transferred with a mini- 
mum of mechanical trauma to the cell to any 
desired culture vessel or to testing apparatus 
if individual cells are to be studied. When a 
particular type of cell does not grow under 
the regular cultural conditions it is possible 
to alter the conditions under which attempts 
are made to grow the single cells. By using 
glass vials with glass caps rather than tubes 
for culturing the cells, the depth of fluid may 
be varied easily without interfering with mi- 
croscopic examination. 


A disadvantage of this technic is that in 
the course of observing the cells on the glass 
squares they are exposed to light which may 
injure them. This, however, is an unavoid- 
able evil with any procedure for isolating sin- 
gle cells in which microscopic examination is 
necessary. The change in oxidation-reduc- 
tion potential in the course of microscopic ex- 
amination may also affect the cells, but if 
the examination is done rapidly these effects 
can be minimized. There is the possibility of 
a second small cell being attached to the edge 
of the glass square where it cannot easily be 
detected. However, if this were the case, more 
than one colony would be detected growing 
and in no case has this been found to occur. 


Although the technic has been utilized thus 
far only with bone marrow cells it would ap- 
pear to be applicable for use with other types 
of cells. The conditions under which clone 
cultures may be developed from different 
types of cells may vary, but with the cells 
attached to the glass squares it is a simple 
matter to introduce the glass square into the 
necessary cultural conditions. Although a 
particular type of cell in a mixed culture may 
be maintained over many passages in asso- 
ciation with other types of cells under a par- 
ticular set of conditions, it may not be able 
to grow under such conditions by itself. With 
this technic it is possible to select cells that 
appear similar and attempt to grow them un- 
der a variety of cultural conditions to deter- 
mine those which are optimum or necessary 
for the multiplication of the single cell. It 
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may be necessary to alter the nutrient me- 
dium, depth of fluid, gaseous environment, 
pH, or temperature of incubation in order to 
get a particular type of cell to grow. The nu- 
trient medium may be pre-conditioned by pre- 
vious growth of living cells or an irradiated 
feeder layer(2) may be used. 

In attempting to establish clones from pri- 
mary isolates of tissue, simply plating cells 
out involves an initial selection process in that 
only those types of cells that can grow under 
the conditions used will do so. However, 
with this technic, a partciular type of cell may 
be selected and placed under a variety of dif- 
ferent cultural conditions in the hope of find- 
ing one that will permit the growth of the de- 
sired type of cell. Attempts are currently 


under way to isolate single cells directly from 
bone marrow and to develop from them clone 
cultures which can be maintained in serial 
passage. 

Summary. A simple method for isolating 
single tissue culture cells has been developed. 
The cells are isolated on small glass squares 
which can be transferred to any desired cul- 
ture vessel or testing apparatus. This pro- 
cedure has been used for the preparation of 
clone cultures. 


1. Sanford, K. K., Earle, W. R., Likely, G. D., 
J. Nat. Cancer Inst., 1948, v9, 229. 

2 bucky he 0.) Marcusie >. lem @reciinae om memeie 
Exp. Med., 1956, v103, 273. 
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Immediate Effects of Intravenous Injections of Tolbutamide and Insulin on 


Blood Glucose and Amino Acids.* 


(24236) 


RocGer C. DEMeEuTTER, AvepIs K. KHACHADURIAN AND ALEXANDER MARBLE 
Cancer Research Institute and Baker Clinic Research Laboratory, N. E. Deaconess Hospital, 
Boston, Mass. 


After several years of study there is no gen- 
eral agreement regarding the details of the 
mechanism of action of the hypoglycemic sul- 
fonylureas and more studies are needed to 
clarify this problem(1,2). The present study 
was undertaken with two purposes in mind: 
(1) To determine the time of onset of hypo- 
glycemic action of tolbutamide following its 
intravenous administration and to compare, 
in normal and diabetic individuals, the blood 
glucose curve thus obtained with that pro- 
duced by insulin; (2) To determine if, like 
insulin, tolbutamide causes a fall in the serum 
amino acids. 

Materials and methods. Three groups of 
individuals were studied: (1) Five normal 
male volunteers, age 28 to 35, body weight 70 
to 80 kg. (2) Seven patients with stable dia- 
betes, age 42 to 73, weight 70 to 88 kg, classi- 


* This study was supported by U. S. Atomic En- 
ergy Com. contract No. A.T. (30-1)-901 with New 
England Deaconess Hospital; the Upjohn Co.; and 
Diabetes Foundation. 


fied as suitable for tolbutamide therapy ac- 
cording to commonly accepted criteria(3). 
(3) Two patients with unstable diabetes re- 
quiring more than 50 units of insulin daily. 
Prior to study, all subjects were fasted 12 
hours. Patients on long-acting insulin were 
taken off this preparation for more than 48 
hours and, when necessary, crystalline insulin 
was given for control of diabetes. However, 
no insulin was given later than 15 hours prior 
to test. The tests were performed on recum- 
bent, rested subjects; no smoking was allowed. 
Blood samples were drawn through a needle 
fitted with stylet and kept in place in a bra- 
chial vein during the whole test. Stasis was 
avoided and no tourniquet used whenever pos- 
sible. After a short control period of saline 
infusion, glucagon-free insulint was injected 
intravenously at fixed dose of 0.1 unit/kg ac- 
tual net body weight. One or several days 
later the same procedure was used and sodium 


+ Kindly furnished by Eli Lilly and Co., Indian 
apolis, Ind, 
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FIG. 1 (top). Response of blood glucose and 
serum total alpha amino acids following intrav. 
inj. of glucagon-free insulin (0.1 unit/kg body wt) 
and sodium tolbutamide (Orinase) (40 mg/kg) to 
5 normal male human subjects. Points shown in 
the curves represent % of levels prior to injections. 

FIG. 2 (bottom). Response of blood glucose and 
serum total alpha amino acids following intray. 
inj. of glucogan-free insulin and sodium tolbuta- 
mide (Orinase) in 7 patients with stable diabetes. 
Doses of insulin and of sodium tolbutamide were 
as given in Fig. 1. Points shown in the curves 
represent % of levels prior to injections. 


tolbutamide in the same dosage of 40 mg/kg 
was injected intravenously in the form of 
10% solution in saline with pH 9.3. During its 
rapid injection (3 minutes) most subjects ex- 
perienced a slight burning along the vein. 
Blood glucose determinations were made ac- 
cording to the Somogyi-Nelson method(4). 
Serum total alpha-amino acids were deter- 
mined by the ninhydrin colorimetric method 
(5) using tungstic acid as the deproteinizing 
agent. 

Results. Blood glucose. Fig. 1 and 2 rep- 
resent mean values for blood glucose expressed 
as per cent of fasting level. In normal sub- 
jects, tolbutamide produced a rapid decrease 
in blood glucose which began within 5 minutes 


in 3 of 5 subjects. The maximum fall with 
insulin occurred at 25 minutes and was 71% 
of the fasting value, while with tolbutamide 
it occurred at 30 minutes and was 61% of the 
fasting value. 

In 7 patients with stable diabetes decrease 
in blood glucose with insulin was slower and 
smaller than in the normal group, averaging 
56% at 60 minutes (end of experiment). 
However, the response to tolbutamide was 
even less than that due to insulin; a mean 
maximum fall of 40% was attained at the end 
of experiment at 120 minutes. 


In the 2 non-responsive diabetics there was 
no drop in blood sugar after tolbutamide while 
one of them who received insulin showed a 
fall of 34% at 2 hours. 

Serum amino acids. There was no differ- 
ence in fasting levels of normal and diabetic 
subjects. In normal patients with stable dia- 
betes, tolbutamide caused a decrease in serum 
amino acids comparable to that produced by 
insulin. At 60 minutes the normal subjects 
had a fall of 20% with insulin and 16% with 
tolbutamide, while the responsive diabetics 
had a fall of 18 and 15% respectively. Fol- 
lowing tolbutamide there was no decrease in 
the amino acids of the 2 patients with un- 
stable diabetes, while a 20% fall occurred 
after insulin in one of these patients. The 
onset of the fall in amino acids was compar- 
able in the different experiments and a sig- 
nificant fall occurred in the majority of pa- 
tients at 15 minutes. 

Discussion. Our results with the effect on 
blood glucose of tolbutamide agree with those 
of other workers(1) and, moreover, they in- 
dicate that onset of action of tolbutamide is 
almost immediate since a significant fall in 
blood glucose occurs within 5 minutes after 
its injection. 

If tolbutamide acts by increasing insulin 
output from the pancreas, it would appear to 
do so, at least initially, by releasing preformed 
insulin. The fact that the pancreas of the 
diabetic contains less extractable insulin than 
that of the normal, fits with the observation 
that the hypoglycemic effect of tolbutamide is 
less marked in the diabetic subjects. The fall 
observed in amino acids after tolbutamide is 
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consistent with the observations of Recant 
and Fischer(6) that pretreatment of rats with 
tolbutamide causes a greater incorporation of 
glycine into protein by their livers. Therefore, 
as determined by these 2 studies, tolbutamide 
when effective in producing hypoglycemia, has 
an action parallel to that of insulin on amino 
acid metabolism(7). This similarity of action 
adds support to the evidence that tolbutamide 
acts by increasing the output of insulin and 
speaks against the possibility that depression 
of gluconeogenesis from amino acids could be 
a factor in production of hypoglycemia. 
Summary. 1) In normal subjects sodium 
tolbutamide given intravenously in dosage of 
40 mg/kg of actual body weight produced hy- 
poglycemia comparable to that produced by 
insulin (0.1 unit/kg body weight) intra- 
venously. In 3 of 5 subjects the fall in blood 
glucose took place within 5 minutes following 
injection of tolbutamide. 2) In 7 patients 
with stable diabetes the decrease in blood glu- 
cose following tolbutamide was slower than 
that with insulin and no fall occurred in 2 


patients with unstable diabetes. 3) In nor- 
mal persons and in the 7 diabetic patients who 
experienced a fall in blood glucose following 
tolbutamide, there was likewise a decrease in 
serum amino acids comparable to that fol- 
lowing insulin. No fall in serum amino acids 
occurred in the 2 patients with unstable dia- 
betes. 


1. Symposium on Clinical and Experimental Effects 
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Levine and Garfield Duncan, Special Editors. Me- 
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Pituitary and Plasma Bioassay for Trophic Hormones in the Alloxan- 


Diabetic Rat.* 


(24237) 


A. M. LawreEnce,t A. N. CONTOPOULOS AND M. E. SIMPSON 
Depatrment of Anatomy and Inst. of Experimental Biology, University of California, Berkeley 


Among endocrine disturbances reported in 
experimentally induced diabetes mellitus have 
been impairment of reproductive physiology 
and hypoactivity of the thyroid(1-6). In the 
present study the gonadotrophic, thyrotrophic, 
and growth-promoting potencies of the pitui- 
tary glands and blood plasma of diabetic rats 
were determined by bioassay in hypophysec- 
tomized immature female rats. 

Materials and methods. Female rats of the 
Long-Evans strain maintained on an adequate 
natural food diet? were injected with alloxan 
at 50 days of age and sacrificed at 100 days of 


* Supported by USPHS Grant. 

+ Part of this work was done during tenure of 
Lederle Medical Student Summer Research Fellow- 
ship. 


age. Pituitaries and plasma were assayed in 
hypophysectomized rats, 28 days old at oper- 
ation, used 14 days later. Hypophysectomy 
was performed by the parapharyngeal ap- 
proach. Completeness of ablation was 
checked by observation of the sella turcica at 
autopsy. Atrophy of target organs furnished 

{ All diabetic rats were maintained on a modified 
McCollum Diet I consisting of ground whole wheat 
67.5%, casein 15%, skim milk powder 7.5%, sodium 
chloride iodized 0.75%, calcium carbonate 1.5%, 
melted fat 6.759%, fish oil (Vit. A and D concentrate) 
1%. KI solution added to 1 wg of iodine/g of diet 
(450 mg KI/liter, 300 cm*/270.5 lb of diet). Hy- 
pophysectomized rats were offered daily a wet mash 
of this diet. All rats received a supplement of lettuce 
2-3 times a week and were maintained at 74° + 1°F 


temperature. 
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confirmatory evidence. To induce diabetes a 
5% solution of alloxan (recrystallized) in iso- 
tonic saline was made immediately prior to 
injection. Prior to alloxan administration, the 
rats were fasted for a period not exceeding 72 
hours. A dose of 5 mg/100 g body weight 
was injected rapidly into the tail vein. Ac- 
cess to food was allowed immediately after 
injection. The diabetic status was allowed to 
stabilize for 7 weeks and rats with blood sugar 
levels greater than 350 mg% were used as 
donors (controls, 112 mg %). Blood glucose 
levels were determined by Nelson’s modifica- 
tion of the Somogyi procedure(7). Assays of 
plasma from diabetic and control rats for 
presence of trophic hormones were performed 
as follows. Whole blood from etherized don- 
ors was collected from the abdominal aorta 
into an heparinized syringe. Blood was 
quickly transferred to a conical centrifuge 
tube, covered with a layer of mineral oil, and 
centrifuged 12 minutes at 3000 rpm. The 
plasma was then aspirated into a syringe and 
injected into recipient hypophysectomized 
rats within less than 30 minutes after with- 
drawal. Recipient hypophysectomized ani- 
mals received 4 daily injections of plasma. 
Assays of pituitaries of donor rats for trophic 
hormone content was conducted as follows. 
Pituitaries were dissected immediately after 
exSanguination, posterior and _ intermediate 
lobes were separated, and anterior lobes were 
quickly frozen on dry ice. Suspensions for 
injection were prepared immediately before 
the assay period. The glands were weighed 
and ground by motor-driven ground glass rod 
inside a test tube, known amounts of isotonic 
saline being added. Butanol (1%) was 
added and suspensions were stored at 0-4°C 
during the 4-day injection period. Recipi- 
ents were autopsied 24 hours after the last in- 
jection. Ovaries and uteri with oviducts were 
weighed, fixed in Bouin’s solution, sectioned 
and stained. The tibias were split, fixed in 
10% formalin, and stained with silver nitrate. 
Eighteen hours prior to autopsy all assay ani- 
mals received intraperitoneally a tracer dose 
of I’! (0.5-1 wc). Thyroids were placed in 
fixative in a small vial suitable for counting 
radioactivity(8). Differences between counts / 


minute of thyroids and of a leg muscle frag- 
ment of comparable size, expressed as percent 
of injected dose, represented the I’*' uptake 
by thyroid gland. Gonadotrophic potency of 
pituitaries and plasma was determined by 
microscopic structure of ovaries of recipients 
(9, 10).8 Thyrotrophic hormone content of 
pituitary glands and plasma was appraised on 
the basis of iodine-concentrating capacity and 
histology of thyroids from assay animals. An 
I"! uptake greater than 1% of injected radio- 
activity has been adopted as indicating mini- 
mal thyrotrophic stimulus. The cytological 
criteria adopted for determining minirnal ef- 
fective dose for thyrotrophic stimulation were 
an increase in height of follicular cells to low 
cuboidal, associated with some loosening of 
nuclear chromatin and beginning vacuolation 
of colloid. Evaluation of growth-stimulating 
activity was based on ocular-micrometer meas- 
urements of the uncalcified proximal epiphy- 
seal cartilage of the tibia(11). A width in- 
crement of 50 , above hypophysectomized 
control level, or an absolute value of 200 u» 
was regarded as a significant response. Bio- 
assays were repeated at least once for each 
dose level. 

Results. Bioassay of anterior pituitary 
hormone content. Dose levels between 1/32 
gland and 4 anterior lobes from diabetic rats 
were assayed in hypophysectomized recipients 
(Table I). A total dose of 2 glands was re- 
quired to increase ovarian weight; a dose of 
4 glands also increased uterine weight. Mini- 
mal stimulation to follicular growth resulted 


§ Minimum effective dose for follicle stimulating 
hormone was judged by appearance of healthy small- 
medium follicles with beginning antrum formation. 
Degree of follicular growth was determined by meas- 
urement of diameter of health (non-atretic) folli- 
cles by the aid of an ocular micrometer. The follow- 
ing gauge is used throughout this study: small folli- 
cles, sF = 0.375 mm; small-medium follicles, smF = 
0.375-0.5 mm; medium follicles, mF — 0.5-0.65 mm; 
medium-large follicles, mlF = 0.65-0.75 mm; large 
follicles IF = 0.75-1.0 mm. Minimum effective dose 
for interstitial-cell-stimulating hormone was judged 
by beginning repair of ovarian interstitial tissue. 
This was noted by an increase in vesicularity of the 
nuclear pattern, accompanied by an increase in size 
and depth of staining of these cells. 
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after administration of the 2 glands (9 mg) 
and corpora lutea were present after 4 glands. 
Beginning repair of the interstitial tissue was 
detectable at the 1 gland level (4.5 mg). The 
minimal effective doses did not therefore dif- 
fer from those of pituitaries of normal female 
rats of the same age (Table I)(12). In this 
connection attention is called to the disparity 
between pituitary weights in diabetic and nor- 
mal rats; glands from diabetic rats were ap- 
proximately half normal weight, 4.5 mg com- 
pared with 9.7 mg. The body weight of dia- 
betic rats was also half normal, 146 g com- 
pared with 233 g so that pituitary weight re- 
mained the same percent of body weight. A 
dose of 1/16 pituitary gland from diabetic 
rats elicited a minimum response in the thy- 
roid of hypophysectomized recipients, judged 
both by histology of the thyroid and I'*! up- 
take. Comparison with assay of normal pitui- 
tary glands, shows that 1/16 anterior lobe 
was also minimal for thyrotrophic hormone ac- 
tivity (Table I). A dose of 1 anterior pitui- 
tary from diabetic rats caused a significant in- 
crease in width of the epiphyseal plate. Pitui- 
tares of normal female rats of the same age 
gave minimal growth stimulation at 1/16 of 
an anterior lobe. The growth hormone con- 
tent of anterior pituitary glands from diabetic 
female rats was therefore markedly reduced 
(Table I). 

Bioassay of blood plasma. Table II shows 
that growth-promoting potency of blood se- 
rum was reduced in alloxan-induced diabetic 
female rats, as compared with normal rat 
plasma. At a daily dose of 3.5 to 4 cc the 
plasma of normal donors gave a significant in- 
crease in tibial epiphyseal width(13), where- 


TABLE II. Decreased Growth Promoting Potency 
of Blood Plasma of Diabetic Rats. 


Width of 

30dy wt, g proximal 
Dailies INO. .01 ee ——, epiphyseal 

Donor dose, ratsper  In- cartilage 


group ml assay itial Final of tibia, uw 
Diahetice 4.0) 4 66 68 190 + 2 
3.5 : 70 75 186 + 4 

Normal 4.0) 4 O07 73 210 + 9 
3.5 4 66 72 214+ 56 

Uninj. re- 0.0 4 64 68 169 + 3 


cipients 
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as plasma of diabetic donors gave only a mar- 
ginal response. No other hormones were de- 
tected in plasma of diabetic and normal rats 
at doses tested. 

Discussion. Houssay and Foglia reported 
a decrease in gonadotrophic content in the 
pituitaries of alloxan injected diabetic rats 
(14), but no other differences were detected 
between trophic hormone potencies of pitui- 
taries of diabetic and normal rats. Diabetic 
rats used in this study were 7 weeks post- 
alloxan treatment, whereas in studies of 
Houssay and Foglia the rats were sacrificed 
48 hours after administration of alloxan. In 
the present study no significant differences 
were found between diabetic and normal adult 
female pituitary gonadotrophic and thyrotro- 
phic potency whereas a 16 fold reduction 
in growth hormone content was found in pitui- 
taries from diabetic female rats. Growth hor- 
mone potency of pituitaries was reduced, 
whether measured in fractions of anterior lobe, 
or in mg of pituitary tissue. There was also 
a reduction in growth-promoting activity of 
plasma of diabetic rats, as judged by tibial 
cartilage width. 

Pituitary trophic hormone content should 
always be considered in relation to hormone 
production and release. The similarity in 
gonadotrophic and thyrotrophic content of 
pituitaries from normal and diabetic rats does 
not necessarily indicate production of these 
hormones at the same rate. Differences in se- 
cretion rate and storage might result in the 
same final content. The atrophic status of 
the gonads observed in diabetic donors(1-4) 
indicates reduced secretion of gonadotrophic 
hormones, unless the response of these target 
organs to the trophic hormones is different in 
diabetic animals. The reduced growth pro- 
moting potency of plasma can not be attrib- 


uted solely to decreased growth hormone re- 
lease from the pituitary without consideration 
of changes of titers of other hormones. 

Summary. The gonadotrophic, thyrotro- 
phic, and growth hormone content of anterior 
pituitaries from female rats rendered diabetic 
by alloxan was determined by bioassay in 
hypophysectomized female rats. Trophic 
hormones in blood plasma were also deter- 
mined. The number of glands required to 
evoke minimum follicle stimulating, intersti- 
tial cell stimulating, and thyrotrophic activity 
were the same in diabetic and normal rats, 
whereas growth hormone content of the pitui- 
tary was reduced 16-fold. The titer of cir- 
culating growth promoting factors was also 
reduced. 
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While trying to develop a suitable technic 
for artificial insemination of rabbits, the in- 
traperitoneal route offered itself as a possi- 
bility. The rabbit is a conveniently suited 
animal for this type of work, since ovulation 
takes place 10 hours after insemination(5). 
To check feasibility of the technic some rab- 
bits were administered one cc India ink into 
the peritoneal cavity. This mostly disap- 
peared after one hour and substantial amounts 
were recovered in the oviducts. 

Technics. In this pilot study started in 
1957, doe rabbits were mated to vasectomised 
bucks and 1 to 12 hours after mating they 
were inseminated through the linea alba with 
freshly ejaculated rabbit semen. The semen 
was collected from suitably trained bucks 
with the help of an artificial vagina, which 
in turn is a modification of Macirone-Walton’s 
(6) old model. The semen, after having been 
tested for motility, was either injected im- 
mediately, or was treated in one of 3 different 
ways. (1) Diluted to double its amount, (2) 
centrifuged, the supernatant fluid discarded 
and the semen resuspended in 1 cc sodium 
citrate buffer at pH 7.4, or (3) the resus- 
pended semen was centrifuged again and after 
discarding this supernatant, newly resus- 
pended in 1 cc citrate buffer (2x washed). 
Only semen which had shown good motility 
was used. The procedure adopted was: To 
suspend females by their hind legs and inject 
the semen approximately 5 inches cranial to 
pelvic inlet through the linea alba. A 2-inch 
14 gage hypodermic needle was used. To 
evaluate the result, the females were sacrificed 
one week to 10 days after insemination. This 
abdominal insemination has been performed 
on 30 animals. 

Results. No fertilization occurred in ani- 
mals which were inseminated with once 
washed sperms. Blastocyst formation was ob- 
served in animals which were inseminated 


* This study was partly aided by Ortho Research 
Grant awarded by Am. Soc. for Study of Sterility. 


TABLE I. Results of Fertilization Experiments. 
__—<——_L[=S=—_====_—_—S_—_ 


Time 

of inj. 

after Avg No. Out- 

No.of Treatment mating of blast- come 
Exp. rabbits of semen (hr)  oecysts of exp. 

A 4 None 8 0 a 
B 3 Diluent 8 0 — 
C 6 1X washed 8 0 —_— 
D 6 2X 2 8 5 ae 
0) 4 Idem 6 2 ete 
K 3 4 4 2.5 ae 
G 4 - 1-2 6 oe 


—, no ovum fertilized; +, blastocyst develop- 
ment stopped at very early stage; +, viable blast- 
ocysts developed. 


with twice washed sperms. However, all blas- 
tocysts which were obtained from injections 
later than 2 hours after mating were degen- 
erating, while those obtained as a result of in- 
semination within 2 hours after mating were 
viable (Table I). These results suggest 2 
important factors which influence success of 
intraperitoneal insemination. (Ly = Time 
elapse between mating (ovulation) and in- 
semination, and (2) suspending media of the 
semen. 

With regard to (1), optimal result was ob- 
tained in those animals which were injected 
1-2 hours after mating—8 hours before ovu- 
lation. As far as (2) is concerned, the pres- 
ence of accessory genital gland secretion sug- 
gests an interference with fertilization of the 
ovum of the rabbit. No blastocysts were 
formed when accessory genital gland secre- 
tion was present. 

Discussion. The experiment shows that in- 
traperitoneal insemination in the rabbit is a 
possibility. Since it is more successful than 
vaginal insemination(3) and less cumbersome 
than complete laparotomy, to deposit semen 
in the uterus(4), it offers a few advantages. 

If the present studies shed any new light 
on the “capacitation factor” of Austin(1) 
and Chang(2), it is that capacitation of in- 
traperitoneally injected semen takes longer 
than those which were deposited in uterus or 
oviduct (2,4). 
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While this work was in progress, 2 papers 
appeared whose authors proved that intra- 
peritoneal insemination is feasible in the bo- 
vine(7), although the results were not encour- 
aging, and in the guinea pig(8), where only 
epididymal semen was used. Further work 
on this problem is still in progress. 
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Previous work has shown that human 
blood platelets represent a source of glutamic 
oxalacetic transaminase (GO-T)(1). Obser- 
vations have now been extended to the related 
enzyme, glutamic pyruvic transaminase (GP- 
T). The study appears justified since both 
enzymes have been found in serum and in 
homogenates of many tissues with wide differ- 
ences of activity from tissue to tissue and from 
health to disease. 

Materials and methods. The activity of 
GO-T and GP-T was investigated in serum, 
platelet-rich and platelet-poor plasma, washed 
platelets, washings of isolated platelets and 
water soluble platelet extracts. All materials 
were of human source. Serum was obtained 
by centrifugation from clotted blood, collected 
in sterile syringes and incubated at 37° for 
one hour. To prepare platelet-rich and plate- 
let-poor plasma, blood was collected in Sili- 
cone-coated test tubes, using Sequestrene as 
anticoagulant(2). To obtain platelet-rich 
plasma, the blood was centrifuged at 1,000 
rpm/10’/4°C; and at 3,000 rpm/30’/4°C for 
platelet-poor plasma. The upper two-thirds 
of supernatant plasma were transferred to 


* Supported by grants-in-aid from the Mass. Heart 
Assn. and the Nat. Inst. of Health(H-2132). 

+ Former Assistant in the Dept. of Medicine, Uni- 
versity of Athens, Greece, 


fresh Silicone-coated test tubes. Platelets 
were prepared by the technic previously de- 
scribed(2). They were washed 3 times with 
sterile isotonic saline solution using, each time, 
a volume identical to that of the platelet-rich 
plasma originally used. A discrete suspension 
was obtained, the platelets counted by the 
method previously described(3) using phase 
contrast microscope and their number ad- 
justed to various levels by adding sufficient 
isotonic saline to the original platelet suspen- 
sion. Water soluble platelet extracts were 
prepared exactly as described(1). Both GO- 
T and GP-T activity were determined within 
2 hours of preparation of the reagents. The 
spectrophotometric technic of Karmen ef al. 
(4) was used for determination of GO-T and 
that of Wroblewski and LaDue(5) for deter- 
mination of GP-T. A minor modification was 
introduced since 0.03 ml of malic acid reagent 
was used rather than 0.1 ml as suggested in 
the original technics. All experiments were 
done in triplicate. The reacting mixture was 
incubated for 10 minutes and readings taken 
at 5, 10 and 15 minutes after adding alpha- 
ketoglutaric acid reagent. Therefore, the 
final figures reported represent the average of 
9 values obtained for each sample. Duplicate 
determinations were also done using the color- 
imetric method of Reitman and Frankel(6). 
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TABLET. Glutamie Oxalacetic and Glutamic Pyruvie Transaminase Activity in Serum, Plasma 


and Various Pla 


No. of platelets 


telet Preparations.* 


GO-T activity, GP-T activity, 


Preparation per mm (10°) units/ml units/ml 
Serum _ 476+ 4.9 40.6 + 5.8 
Platelet-rich plasma 356 + 12.3 46.3 + 6.1 37.3 + 6.3 

= Spoor i? 13+ 1.4 25.8 + 3.2 36.2 + 4.7 
P suspensions 2,000 +240 265 +15.3 | 
480 + 27 59.34 40 +} <e) 
190 + 19 47.2 4+ 2.7 
50+ 3 29.44 13 
Washings of sedimented platelets 125+ 9 83+ 9 
Water soluble platelet fraction INO se 9) oe ed 


* Avg of 5 experiments and stand. dev. 


This technic appeared adequate, although less 
sensitive than the spectrophotometric pro- 
cedure. 

Results. (Table I). The figures obtained 
for GO-T activity in serum and _ platelets 
agreed closely with those previously reported 
(1). The serum GP-T activity was within the 
ranges reported by previous investigators. 
There was however an insignificant difference 
in GP-T activity between platelet-poor and 
platelet-rich plasma. Also platelet suspen- 
sions and water soluble platelet extracts con- 
tained negligible GP-T activity. These results 
suggested that human platelets contain no 
GP-T activity. Since, however, slight GP-T 
activity was detected in washings of sedi- 
mented platelets, it is possible that minute 
amounts of enzymatic activity are absorbed 
from serum on platelets. Two patients with 
acute infectious hepatitis and one with myo- 
cardial infarction were studied since serum 
GP-T activity is higher in these diseases. GO- 
T activity was greatly increased in serum, 
plasma and various platelet preparations. As 
expected, GP-T activity was very high in se- 
rum, platelet-poor and platelet-rich plasma, 


TABLE II. Comparative Glutamic Oxalaceti¢ 
Serum, Plasma and Platel 


but only traces were present in platelet prepa- 
rations and in water soluble platelet extracts 
(Table IT). 

To eliminate the presence of an inhibitor of 
GP-T activity in human platelets, equal vol- 
umes (0.1 ml) of untreated human serum and 
of a suspension of homologous platelets in iso- 
tonic saline (containing 190,000 platelets/cu 
mm) were incubated at 37°C for 3 hours. 
Also, in other experiments 100 mg of pyri- 
doxal phosphate were added to the reacting 
mixture, since it has been shown that this re- 
agent is a coenzyme of transaminases(7). 
Because of the possibility that platelets may 
not be permeable to the added coenzyme or 
that an inhibitor may not diffuse out of intact 
platelets these experiments were repeated 
using water soluble platelet extracts. There 
was no change in GP-T activity of serum be- 
yond that accounted for by dilution. 

Discussion. It appears that human plate- 
lets contain considerable GO-T but very little 
or no GP-T activity. The very low values of 
GP-T detected may even indicate that wash- 
ing of platelets was insufficient to remove con- 
taminating plasma. Whether this dissocia- 


and Glutamic Pyruvie Transaminase Activity in 
et Suspensions in 3 Patients. 


sa 


Infectious Infectious Acute myocar- 

hepatitis hepatitis dial infaretion 

GOT GP-T GO-T GP-T GO-T GP-T 

- Units/ml - ~ ~ 
7 Serum 245 500 220 390 184 142 
Platelet-rich plasma 240 475 210 382 178 136 
-poor : 182 475 137 378 132 135 
12 10 45 1] 62 2 


fo 


suspensions (200,000 
platelets/mm‘ ) 
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tion, which has been observed in many tissues 
as well(8), has any significance, especially 
with reference to the various physiologic func- 
tions of platelets, remains to be further in- 
vestigated. 

Summary. (1) Platelets are a source of 
glutamic oxalacetic transaminase in human 
blood. (2) Platelets, however, contain only 
traces of glutamic pyruvic transaminase in 
normal and pathologic conditions. This find- 
ing is not explained by presence of enzyme in- 
hibitors or by lack of a co-enzyme. The sig- 
nificance of the dissociation between GO-T 
and GP-T activity in platelets, as for other 
tissues, remains obscure. 
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In the course of experiments involving chro- 
matographic and electrophoretic separation of 
proteins on a column with subsequent collec- 
tion of as many as 400 tubes containing elu- 
ate from the column, we have been faced with 
the task of assaying each of these tubes for 
glycoprotein. Several methods have been 
described(1-4) for determining qualitatively, 
semi-quantitatively, and quantitatively car- 
bohydrate; but none can be used conveniently 
for repeated routine assay purposes. We 
adapted a staining technic for carbohydrate, 
which can be managed with a minimum of 
practice and a maximum of convenience and 
which will give quantitative determinations 
with an estimated accuracy of 5%. 

Method. The method involves the use of 
Koiw’s stain devised for use with paper elec- 
trophoretic or chromatographic strips. The 
technic for its use is described elsewhere(5). 
Aliquot samples from each tube are withdrawn 
and applied to strip of paper by means of a 
striper supplied with the Spinco hanging-strip 
paper electrophoresis apparatus. Samples of 
10 X may be applied in a single application, 


but larger samples are best applied in multiple 
applications. The paper strip should be that 
supplied in the Spinco paper electrophoresis 
apparatus. The samples should be applied 
about 4 inch apart at prelocated points on 
the strip marked by pencilled dots, starting 
about 31% inches from one end. About 25-30 
samples may be applied to one strip. 
Application of sample to the paper is criti- 
cal inasmuch as there will be an accumulation 
of carbohydrate at edges of the band formed 
by the sample, if it is left to dry in air at 
room temperature after application. Should 
this happen, quantitative determination is im- 
possible. We placed the paper strip on a 
slide warmer at temperature about 80°C, ap- 
plying the samples to the strips, and immedi- 
ately thereafter passing a flow of warm air 
over them from a hair dryer. In this way, the 
sample is dry within 10 seconds. As many 
as 8 such strips may be stained simultaneously 
with Koiw’s stain, and the resultant strips, 
after drying, should be passed immediately 
through the Spinco Analytrol for a permanent 
record and quantitative determination. If 
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necessary, a known amount of glycoprotein 
or other standard may be applied to each 
strip by way of calibration reference. Inte- 
gration under the curves obtained on the 
Analytrol is readily performed, but the height 
of peaks may be used instead for quantita- 
tive determination. The Analytrol should be 
made to scan a sufficient distance along the 
strip where no samples have been applied, to 
obtain adequate determination of the back- 
ground. It may be possible to obtain im- 
proved results by use of green light filters 
(e.g., Klett 52) instead of standard blue fil- 
ters found in the Analytrol. 

Results. Fig. 1 shows the kind of results 
obtained by assaying for carbohydrate in the 
region of a peak eluted from a calcium phos- 
phate column and detected by absorption at 
280 mp. The material placed on the column 
was a bovine fraction VI and the eluent was 
a 0.06 M phosphate buffer at pH 6.8. 

Fig. 2 shows results of applying this method 
to the location of a glycoprotein fraction in 
the column electrophoresis of bovine fraction 
VI to which had been added I'*! labeled thy- 
roxine. The LKB column electrophoresis ap- 
paratus packed with Solka Floc (cellulose), 
200 mesh, was used. Two hundred mg of 
protein was placed on the column and elec- 


is 
FIG. 1. Developed paper strip and Analytrol scan. 


Assay for glycoprotein in a chromatographic sep- 
aration of fraction VI. 
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FIG, 2. Column electrophoresis of bovine fraction 
VI. Shaded area represents location of thyroxine. 


trophoresed at 5 ma and 770 volts for 29 hours 
in a barbital buffer medium at pH 8.6, 0.0125 
M. The column was eluted at 60 seconds/ 
drop with barbital buffer, and 1 ml fractions 
collected. It is worth noting that the glyco- 
protein peak coincides with the radioactivity 
peak but not exactly with the OD 280 my 
peak, and this result has been confirmed. 
Summary. A convenient method for quali- 
tative or quantitative determination of carbo- 
hydrate in many samples has been worked out. 
The method involved the deposition of micro 
quantities of the samples on paper strips, 
staining with Koiw’s stain and analysis of the 
results with the Spinco Analytrol apparatus. 
The method, applied to the fractions obtained 
from the column electrophoresis of bovine 
fraction VI on a cellulose column, demon- 
strated the presence of a glycoprotein com- 
ponent which binds I'*! labeled thyroxine. 
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Effect of Chlorpromazine on Antidiuretic Response to Noxious Stimuli.* 


(24241) 


Davin DE WIED AND Rosert JtnKs (Introduced by I. Arthur Mirsky) 
Department of Clinical Science, University of Pittsburgh School of Medicine 


Exposure of animal or man to noxious stim- 
uli results in an antidiuretic response(1,2,3) 
with which is associated an increase in the 
antidiuretic activity of the plasma(3,4,5). 
Since administration of chlorpromazine re- 
duces the anxiety provoking effect of various 
environmental stimuli(6,7), it became of in- 
terest to examine the effect of such treatment 
on antidiuretic response to different types of 
noxious stimuli. 

Materials and methods. Male albino rats 
of the Carworth strain, weighing from 120- 
200 g, were used after a preliminary fast of 
approximately 16 hours during which time 
the animals were permitted access to water. 
During the experiment the rats were kept in 
individual metabolic cages. The animals were 
given 5 ml 0.2% NaCl per 100 g body weight 
by stomach tube and one hour later the gavage 
was repeated. At 20 minute intervals after 
the second gavage, volume of urine excreted 
was measured. All rates of excretion were ex- 
pressed as ml/100 g of body weight. The ani- 
mals were handled and prodded just prior to 
each measurement of urine volume in order 
to ensure the emptying of their bladders. The 
noxious stimulus was applied at 20 minutes 
after the second gavage. 

Three types of noxious stimuli were used in 
this study. One group of rats was exposed to 
painful stimuli produced by a 2 minute period 
of mild electric shocks (50 volts, 60,000 
ohms) to the feet vza a grid which made up 
the floor of the metabolic cage. A second 
group of rats was given an intraperitoneal in- 
jection of 1 mg histamine dihydrochloride. A 
third group of rats was given an intraperi- 
toneal injection of 0.1 mg nicotine-tartrate per 
100 g body weight. For each experimental 
group another group of rats was used as con- 
trols in that the rats were not exposed to 
noxious stimuli; those animals which served 


* Aided by grants from the Foundations’ Fund for 
Research in Psychiatry, and the Organon Co. 


as controls for the histamine and _ nicotine 
treated groups received an injection of an 
equivalent amount of normal saline. A simi- 
lar number of groups of rats were treated the 
same way except that they were given a sub- 
cutaneous injection of 0.25 mg chlorproma- 
zine per 100 g body weight 60 minutes before 
the first gavage. 


Results. The rate of secretion of urine by 
the rats used as controls was fairly constant 
after the second gavage while the animals ex- 
posed to noxious stimuli developed an anti- 
diuretic response (Fig. 1 A). Whereas the 
group which served as its control excreted 
1.54 + 0.08 ml urine per 100 g body weight 
during the second 20 minute interval, the 
group of rats which was exposed to painful 
stimuli excreted 0.88 + 0.09 ml during the 
same interval. The difference between the 
2 rates was statistically significant (P< 
0.001). 


A more intense antidiuretic response fol- 
lowed administration of histamine and _nico- 
tine (Fig. 1 A). Thus, the animals treated 
with histamine excreted 0.48 + 0.12 ml while 
their controls excreted 1.64 + 0.11 ml dur- 
ing the 20-minute interval after injection 
(P<0.001). During the 20 to 40 minute in- 
terval after injection of histamine the rats ex- 
creted 0.39 + 0.11 ml while their controls 
excreted 1.31 + 0.10 ml. Likewise, during 
the same interval the nicotine-injected ani- 
mals excreted 0.60 + 0.13 ml while their con- 
trols excreted 1.60 + 0.12 ml (P<0.001). 

Administration of 0.25 mg chlorpromazine 
per 100 g body weight produced a statistically 
significant but transient antidiuretic response. 
Whereas the saline treated groups excreted 
1.82 + 0.13 ml during the first hour after the 
first gavage, the chlorpromazine treated rats 
excreted 1.35 + 0.14 ml during the same in- 
terval (P<0.02). However, during the hour 
after the second gavage the saline treated rats 
excreted 4.3 ++ 0.12 ml while the chlorproma- 
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FIG. 1A (top). Antidiuretic response of saline 
treated rats to noxious stimuli. 


FIG. 1B (bottom). Antidiuretic response of 
chlorpromazine treated rats to noxious stimuli. 
The mean + SE ml excreted per 100 g of body wt 
of the groups that served as controls are desig- 
nated by closed circles and that of the groups ex- 
posed to noxious stimuli by open circles. Numerals 
refer to No. of animals in each group. Arrows in- 
dieate time at which noxious stimulus was applied. 


zine treated groups excreted 3.96 + 0.14 ml. 
The difference between the two groups was 
statistically not significant. Accordingly, the 
antidiuretic effect of chlorpromazine appears 
to be an evanescent one. 

Exposure to painful stimuli did not result 
in an antidiuretic response in the chlorproma- 
zine treated rats (Fig. 1 B). Administration 
of histamine, however, produced a significant 
antidiuretic response which was most appar- 
ent during the third 20-minute interval after 
the gavage. Antidiuretic response to injec- 
tion of nicotine (Fig. 1 B) was as marked as 
that observed in the saline-treated controls 
(Fig. 1 A). 


Discussion. The dosage of chlorpromazine 
used in this study was twice that necessary for 
complete extinction of a conditioned avoidance 
response(6). Such dosages, however, have no 
apparent analgesic properties since the rats 
appeared to experience the pain as exhibited 
by their behavioral responses. Yet, pretreat- 
ment with chlorpromazine prevents the anti- 
diuretic response which otherwise occurs in 
rats exposed to painful stimuli. The fact that 
such pretreatment does not influence signifi-- 
cantly the antidiuretic response to injection of 
histamine or nicotine suggests that whereas 
the latter agents act directly in the hypothala- 
mus, the effect of painful stimuli is mediated 
by more centrally placed mechanisms. This 
hypothesis is in accord with the data which 
indicate that chlorpromazine acts principally 
on the reticular system(8,9). 


Summary. Administration of chlorproma- 
zine inhibits the antidiuretic response of rats 
to painful stimuli but has no significant effect 
on antidiuretic response to injection of either 
histamine or nicotine. 
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A Bivalent Live Virus Vaccine Against Canine Distemper (CD) and 


Infectious Canine Hepatitis (ICH).* 


(24242) 


V. J. CaBasso, M. R. STEBBINS AND J. M. AVAMPATO 
(Introduced by Herald R. Cox) 


Viral and Rickettsial Section, Research Division, Amer. Cyanamid Co., Pearl River, N. Y. 


Cultivation in tissue culture of ICH virus 
(1) greatly facilitated its laboratory study, 
and opened the way for modification of its 
virulence to the dog. Such modification of the 
virus was reported, either by continuous serial 
passage in dog-kidney culture(2), or by propa- 
gation in swine-kidney cells(3,4,5). A com- 
bined CD-ICH vaccine containing swine-kid- 
ney-grown ICH virus recently was reported 
to be an effective immunizing agent against 
both diseases(6). This communication re- 
ports on attenuation of ICH virus after rela- 
tively few passages in swine kidney cultures, 
and on experiments on susceptible puppies 
with a bivalent CD-ICH vaccine. 

Materials and methods. Virus strains. The 
CD strain used was a chick-embryo-adapted 
virus originally isolated in these laboratories 
from a field case of distemper encephalitis 
(7). Distemper challenge was carried out 
with a dog-brain suspension infected with 
Snyder Hill strain of canine distemper virus 
(8). The ICH virus used for both initiation 
of dog-kidney line of passages and challenge 
of vaccinated animals also was isolated in 
these laboratories, as reported earlier(9). 
ICH virus. Cultivation, titration and serum 
neutralization. Serial passages of the virus 
were made in Povitsky-bottle cultures of 
either dog- or embryonic-swine-kidney cells 
grown by the method of Dulbecco and Vogt 
(10). Growth fluid consisted of Earle’s basal 
medium(11) containing lactalbumin — hy- 
drolysate and 15 or 20% normal calf serum. 
Just before inoculation, culture bottles were 
renewed with 100-ml of mixture 199(12). 
Virus titrations and serum  neutralizations 
were carried out in stationary tubes of dog- 
kidney cells prepared as above. Renewal fluid 
consisted of 1 ml/tube of mixture 199 alone or 


* The authors wish to express their appreciation to 
Mrs. K. Kiser for the CF tests and to Mrs. E. Chasan 
for help in preparation of the manuscript. 


of mixture 199 containing 2% horse serum. 
Titrations were made in 10-fold steps, by in- 
oculating 0.1 ml of each dilution into 2 or 3 
tubes. In serum neutralizations, mixtures of 
2-fold dilutions of inactivated serum and 
100-1000 TCDs, of virus also were inocu- 
lated in 0.1 ml volumes in 2 or 3 tubes, 
after incubation for 1 hour in 37°C 
waterbath. Titration and serum neutraliza- 
tion tubes were examined for 7 days, at 
the end of which 50% endpoints were cal- 
culated by the Reed and Muench formula 
(13). CD virus. Cultivation and titration. 
Both processes were carried out in 7- or 8-day 
chick embryos, using inoculation technic de- 
scribed by Gorham(14). For cultivation, a 
10% suspension of infected chorio-allantoic 
membrane (CAM) was inoculated in 0.4 ml 
amounts/egg, with 0.2 ml dropped on the 
CAM at base of the natural air sac, and the 
remaining 0.2 ml introduced into the yolk sac. 
After 7 days of incubation at 36°C, both 
CAMs and embryos were harvested, pooled 
and made into a 30% tissue suspension. For 
virus titrations, 5-fold serial dilutions of vac- 
cine were inoculated, each into 6 embryos, by 
dropping 0.2 ml volumes on the CAM. CAMs 
were examined 7 days later for characteristic 
lesions, and 50% endpoints were calculated. 
Preparation of bivalent vaccine. One part of 
undiluted, I[CH-infected swine-kidney tissue- 
culture fluid was mixed with 9 parts of centri- 
fuged (2000 rpm/20 minutes) 30% CD sus- 
pension. The mixture was distributed in glass 
vials in 2.4 ml amounts, and dried from frozen 
state. Vials were rubber-capped and alumi- 
num-sealed under vacuum. Before its use in 
experiments, the vaccine was titrated for ICH 
and CD viruses, and tested on ferrets for po- 
tency of the CD component. Complement fix- 
ation (CF). The technics used, and_ the 
method of antigen preparation, were described 
earlier(15). Experimental animals. Litters 
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TABLE I. Puppy Virulence of ICH Virus Grown in Dog-Kidney Tissue Culture (Tests Per- 
formed 1953-1955). 
3 333.3..—€—w®“S@SuoT>———Oooooeaeaaeaeaeaee———— 


’ ee 


Results——— ——— _____________ 


-—Inoculation*— Clinieal — Outeome- 
j aa ca 
—— ICH——_______ C.F. anti- 
ane No. of No. : ; No. dead & Inclusions bodies in 
evel puppies typical No.mild Incubation time (days) inliver survivors 
2-11 12 12 Usual 11 ( 3- 5) lal 1 
a8 Lt a 1 Ge) it 
20 2 2 Prolonged 2 (14-27) 1 
30 2 2 Usual 2 
50 3t 3 
52 3t 3 
3t 3 17-19 days 3 


_ ™ All animals except those marked (+) and (+) were inoculated with 0.1-0.15 ml undiluted 
tissue culture fluid in anterior chamber of right eye. 
t Inoculated intraper. with 2 ml undiluted tissue culture fluid. 
+ Cage contacts to animals receiving 52nd passage virus. 


of puppies of miscellaneous medium breeds, 
including mongrels, were secured from private 
sources. Puppies, with their mothers, were 
held in isolation from birth until they were 
weaned. They then were received in the lab- 
oratory and kept under careful observation 
for at least 2 weeks. Immediately preceding 
its use, each puppy was shown by the CF 
test to be negative for CD and ICH anti- 
bodies. 

Results. I. Modification of ICH virus. A. 
Puppy virulence of ICH virus grown in dog 
kidney cultures. Over 18 months, each of 
various passage levels of the virus in dog kid- 
ney cultures was inoculated into 2 or 3 pup- 
pies. Virus was administered by one of 2 
methods: either (a) 0.1-0.15 ml doses of in- 
fected undiluted tissue culture fluid were in- 
filtrated into the anterior chamber of the eye 
of ICH susceptible puppies, a most sensitive 
route for ICH, or (b) 2 ml doses of undiluted 
fluid were inoculated intraperitoneally. Virus 
titers of different passage levels were of ap- 
proximately the same order, varying between 
10°-9 and 10°%°/0.1 ml. Temperature read- 
ings, leucocyte counts and blood sedimenta- 
tion rate determinations were made daily on 
all inoculated puppies. Deaths from ICH 
were confirmed by presence in liver smears of 
intranuclear inclusions. 

Results of these inoculations are summar- 
ized in Table I. To the 13th passage level 
puppies invariably developed within the ex- 
pected incubation period, an acute form of 
the disease, with complete opacification of the 


inoculated eye. All animals but one (9th pas- 
sage) died 3 to 5 days after inoculation. Be- 
ginning with 20th passage, incubation was 
more prolonged, death was unusually delayed, 
and intranuclear inclusions were found in 
only one puppy. By inoculation with the 30th 
passage only mild symptoms were produced 
within the usual incubation period, and both 
animals recovered and developed ICH anti- 
bodies. 

A definite modification of the virus became 
noticeable with the 50th and 52nd passages, 
where no disease symptoms were recorded in 
any animal, although every one developed 
antibodies. However, puppies placed as cage 
contacts with those receiving the 52nd pas- 
sage did come down with mild but definite 
ICH symptoms after 17-19 days of contact, 
but they recovered and acquired immunity to 
the disease. 

B. Passage of ICH virus in swine-kidney tis- 
sue culture. The indication that a single 
puppy passage of the modified virus might 
cause substantial return of its virulence led to 
attempts to cultivate it in tissues of an un- 
natural host. Accordingly the 24th dog-kid- 
ney passage of the virus was successfully and 
serially propagated in embryonic swine-kidney 
tissue cultures. The 10th swine-kidney pas- 
sage was subcutaneously inoculated into 3 
susceptible litter-mate puppies, each receiving 
1 ml of undiluted tissue culture fluid contain- 
ing approximately 10° TCDso9 of virus. Each 
puppy was housed in a separate cage, along 
with an uninoculated litter-mate to serve as 
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TABLE II. Response of Puppies to Falling Concentrations of Monovalent 14th Passage ICH Virus 


Grown in Embryonie Swine Kidney. 


Post-inoculation findings ————————_,, 


Results of challenget 


a 
oe Clinieal ~ 
-———Corneal infiltration———_, C.F. & SN 
Puppy No. of Fever Appearance Duration antibodies 
No. TCD;)* leukopenia  Dev’t (days) (days) at challenge Clinical Outcome 
424 6.8 No Yes 9 5 Yes Normal 
425 Contact i No — — No Typical Died 6 days; 
ICH inclusions + 
426 5.8 “i a -— — Yes Normal 
427 Contact 4 — — No Typical Died 4 days; 
ICH inclusions + 
428 4.8 a — — Yes Normal 
499 3.8 ’ ” =e i ” ” 
430 2.8 29, ” ——- ae. 9? ” 
420) a8 ” 9 a = 3? ” 
499 38 ’ ” home ae ” ” 
431 & 432 Challenge controls arb aes Recovered 
H 


* Expressed as log of power 10. Respective dilutions were inoculated in 2 ml volumes subeut. 
+ Virulent virus was administered subecut. 28 days after 1st inoculation. 


contact control. A 5-week follow-up of the 6 
animals revealed no disease symptoms what- 
ever, except for a slight corneal cloudiness in 
both eyes of one inoculated puppy which ap- 
peared on the 9th day and cleared completely 
5 days later. In this experiment challenge was 
not attempted, but the 3 inoculated puppies 
developed neutralizing antibodies in 1 to 2 
weeks and CF antibodies in the 2nd to 3rd 
week. In contrast to experience with 52nd 
dog-kidney passage virus, cage contacts in 
this experiment remained normal throughout 
the 5 weeks of observation, and the only evi- 
dence of spread of swine-kidney virus was ap- 
pearance of neutralizing antibodies in the 3 
contacts 4 to 5 weeks after inoculation of their 
cage mates. 

C. Antigenic extinction of swine-kidney- 
grown ICH virus. In an experiment to deter- 
mine the puppy titer of swine-kidney virus, 
and to rule out any possibility of a “zoning 
effect” regarding its virulence, the 14th pas- 
sage was used to inoculate a litter of 9 pup- 
pies. Each animal was inoculated subcu- 
taneously with 2 ml of either the undiluted 
tissue culture fluid containing 10°° TCD59 
of virus per ml or a serial 10-fold dilution 
thereof, up to 10°. The actual number of 
virus TCD; ) injected ranged from 6 to 
6,000,000. Animals were housed in sepa- 


rate cages, and with each of those in- 
oculated with undiluted fluid or the 107 
dilution, an uninoculated litter-mate was 
placed as contact control. After 28 days of 
observation the 9 inoculated puppies and 2 
succeptible challenge controls were challenged 
subcutaneously with virulent ICH virus. All 
animals remained well until challenge, with 
the only deviation a slight opacification of one 
cornea in the puppy inoculated with 6,000,000 
TCD; 9 (Table II). This corneal reaction 
started on the 9th day and by the 14th day 
had completely disappeared. Following chal- 
lenge, all inoculated animals remained nor- 
mal, while cage contacts and challenge con- 
trols developed typical ICH infection, the for- 
mer dying in 4 to 6 days, the latter recover- 
ing. 

D. Response of puppies in intra-ocular in- 
jection of swine-kidney-grown ICH virus. 
Further evidence of modification of the virus 
by its passage in swine-kidney cultures was 
obtained from the following experiment. Four 
susceptible puppies were inoculated by injec- 
tion into the anterior eye chamber with 0.15 
ml of 15th swine-kidney-tissue passage virus 
containing 10° TCDs9. This route, known 
to be the most sensitive for ICH, terminates 
fatally in most cases of street ICH virus. 
Progress of infection in the 4 animals was fol- 
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FIG. 1. Comparative response of puppies to intra- 

ocular inoculation of virulent and of swine-kidney- 

grown ICH yirus as measured by temperature read- 
ings and white blood cell counts. 


lowed by temperature readings and leucocyte 
counts. Beginning 3 to 4 days after inocula- 
tion, in all 4 puppies the injected eye became 
cloudy, and complete unilateral opacification 
subsequently developed and persisted through- 
out observation period. However, both tem- 
peratures and leucocyte counts remained with- 
in normal limits throughout the 20-day obser- 
vation period, appetites of all animals re- 
mained normal, and they appeared to be in 
perfectly good health. For purposes of com- 
parison, Fig. 1 shows mean temperature val- 
ues and white cell counts of the 4 puppies for 
the first 2 weeks after inoculation contrasted 
with temperatures and cell counts in typical 
ICH cases, one fatal and one followed by re- 
covery, elicited by intra-ocular administration 
of virulent TCH virus. 

II. Evaluation of a combination of modi- 
fied ICH and CD viruses. A combined vac- 
cine was prepared, as described under Meth- 
ods. After lyophilization it was found to con- 
tain 200 CED; of CD and 10** ICH doses/ 
ml. 

A. Response to CD component of bivalent 
vaccine of puppies immune to ICH. In one 
experiment each of 4 puppies that had sur- 
vived the ICH test described in Table II was 


injected subcutaneously with 2 ml of the com- 
bined vaccine. Three other puppies that had 
survived the same test were left uninoculated 
to serve as cage contact controls. All animals 
remained normal in every respect for 48 days, 
when they were challenged intravenously with 
the Snyder Hill strain of distemper virus. The 
4 vaccinated animals remained perfectly nor- 
mal for one month, when they were put off 
test. In contrast, 2 of the 3 cage contacts 
developed typical disease symptoms, and died 
within 15 and 18 days of challenge, while the 
3rd contact remained normal and survived. 


B. Response of susceptible puppies to both 
components of bivalent vaccine, and urinary 
excretion of ICH virus. In another experi- 
ment, of a litter of 6 puppies susceptible to 
both CD and ICH, 3 were injected subcutan- 
eously with 2 ml of bivalent vaccine and the 
other 3 were used as cage contact controls 
(Table III). In addition to usual daily de- 
terminations (temperature, leucocyte counts, 
blood sedimentation rate), every other day for 
40 days urine specimens were collected from 
all 6 animals. For this a rather stressing 
method was employed: the animal was pre- 
vented from breathing by blocking its nostrils 
and mouth until it urinated (a period of sev- 
eral seconds up to 1 minute), when urine 
specimen was received in a sterile vessel. All 
animals remained normal during post-vaccina- 
tion period, despite the stress of urine collec- 
tion and daily heart punctures. Small quan- 
tities of virus were recovered from undiluted 
urine of vaccinated animals 18 or more days 
following injection. Virus recovery persisted 
in 2 animals for 1 to 3 days, and in the 3rd 
intermittently for 10 days. A questionable 
virus detection was made in 1 of the contact 
animals for a single day (25th after injection 
of its cage mate), while the other 2 remained 
negative. Forty-six days after vaccination, 
the 3 vaccinated animals, their 3 cage con- 
tacts, and 2 normal controls were challenged 
intraperitoneally with virulent ICH virus. 
The 3 vaccinated animals remained normal. 
One of the cage contacts developed a typical 
case of ICH and recovered, and the other 2 
showed no disease symptoms. However, both 
challenge controls developed ICH and died. 
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TABLE III. Response of Puppies to Combined CD-ICH Vaceine. (Each 2 ml dose contained 400 CED., 
of OD virus and 10°° TCD; of ICH virus; ICH passage level was 15th in swine-kidney culture.) 


er 


-—ICH virus in urine — - Results of challenge*———_, 
Post-vac- Time of 
Puppy cination appearance Duration Pius 
No. Status reactions (days) (days) ICH virus CD virus 
; 436 Vaccinated None 18 2-3 Remained normal Remained normal 
440 Cage contact Questionable 1 Idem Sickened—died 26 
25 days 
437 Vaccinated % 18 Intermittent a Remained normal 
10 
438 Cage contact ae Negative Typical ICH—+re- Sickened—died 12 
covered days 
439 Vaccinated 2 27 il Remained normal Remained normal 
441 Cage contact pe Negative Idem Sickened—sacri- 
ficed 29 days 
452 ICH challenge controls Typical IC H—died 
4 days 
453 Typical I[CH—died 
5 days 
468 CD challenge controls Sickened—died 19 
days 
469 Sickened—recov- 
ered 
470 Sickened—died 29 
days 
471 Remained normal 


* ICH challenge took place 46 days after vaccination and was followed by CD 3 wk later. 


Three weeks after ICH challenge the same 6 
animals, with 4 normal controls, were chal- 
lenged intravenously with virulent Snyder Hill 
distemper virus. The vaccinated animals 
again remained normal, but all 3 cage con- 
tacts developed the disease, 2 dying within 
12 or 26 days and the 3rd being sacrificed in 
extremity on the 29th day. Of the 4 chal- 
lenge controls, 3 sickened, 1 recovering and 
the other 2 dying within 19 or 29 days. 
Discussion. Our experiments clearly show 
that virulence of ICH virus was profoundly 
modified in the course of its serial propaga- 
tion in dog-kidney cultures and its subsequent 
continuous cultivation in embryonic swine 
tissue. When injected peripherally, the virus 
in its modified form seemed incapable of pro- 
ducing signs of disease in susceptible animals 
and caused no leucopenia. Although es- 
thetically somewhat objectionable, the occa- 
sional cases of corneal opacification were mild 
and transient, and did not affect the general 
disposition of the animal. Even intra-ocular 
inoculation, despite prolonged involvement of 
the cornea, produced no systemic signs of 


disease. Following injection of the modified 
virus, immunity was elicited promptly and af- 
forded solid protection against the virulent 
virus. It is interesting to note that 6 TCDso 
of virus elicited as solid a resistance to chal- 
lenge as 6,000,000 TCDs5o. 

The fact that, for a short time, the virus 
might be present in urine of vaccinated ani- 
mals and could spread to intimate contacts 
does not seem to be of great concern, since no 
signs of increased virulence were noted even 
under conditions of severe stress. Spread of 
the immunizing agent could be detected only 
through serological tests or challenge, in 
marked contrast to the experience with the 
52nd dog-kidney-passage virus (Table I). 

The mixture of modified CD and ICH 
viruses seems to have no adverse effect on 
either agent, and in doubly susceptible ani- 
mals it engenders good protection against both 
diseases. The bivalent vaccine was not pre- 
vented in the case of puppies already immune 
to ICH from producing an effective immunity 
to distemper. 

Summary. The virulence of ICH virus has 


CHOLESTEROL SYNTHESIS BY FIBROBLASTS 51 


been effectively modified by serial propaga- 
tion in dog-kidney cultures followed by 
adaptation to and serial cultivation in swine- 
embryo tissue. The modified virus is an ef- 
fective immunizing agent, and produces in the 
vaccinated animal no adverse reaction except 
for an occasional case of light and transient 
opacification of the eye following massive pe- 
ripheral injection of the virus. The modified 
ICH virus may spread through the urine of 
vaccinated animals to intimate contact ani- 
mals, but although these develop antibodies 
they show no signs of disease. A combined 
vaccine prepared by mixing modified CD and 
ICH viruses elicited good protection against 
both diseases in doubly susceptible animals, 
and in puppies already immune to ICH did 


not interfere with the production of immunity 
to CD. 
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Synthesis of Cholesterol by a Strain of Human Uterine Fibroblasts 


Propagated in vitro. 


(24243) 


Davin L. BERLINER,* H. EARLE Swim,t AND THomAs F. DoUGHERTY 
University of Utah Medical School and Western Reserve University School of Medicine 


It is generally accepted that fibroblasts con- 
stitute a high proportion of cells in loose con- 
nective tissue(1). The metabolic capabilities 
of fibroblasts appear to be related in some 
fashion to their high degree of resistance to 
the action of antiphlogistic steroids(2). These 
observations might be related to the fact that 
fibroblasts appear to play an important role 
in extrahepatic metabolism of steroids(3,4). 
It has also been demonstrated that strains of 
U12 fibroblasts isolated from human myo- 
metrium and propagated in vitro for many 
years have the capacity to metabolize cortisol 
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and progesterone to a variety of steroid prod- 
ucts(5). These observations raised the ques- 
tion as to whether U12 cells might also be able 
to synthesize cholesterol and possibly other 
steroids from low molecular weight precursors 
such as acetate. The synthesis of cholesterol 
could not be evaluated on the basis of nutri- 
tion since the least fastidious strain of U12 
(6) will not proliferate in media devoid of 
dialyzed horse serum. The data to be pre- 
sented indicate that strain U12-79 is capable 
of synthesizing cholesterol as judged by ap- 
pearance of isotope in this compound when 
the cells are grown in a medium containing 
C™ acetate. 

Experimental. Stock cultures of U12-79 
were propagated in a chemically defined solu- 
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Human fibroblasts (moc. 5.4 10° cells) tissue 
cultured with 2 ye acetate-2-C™% 8 days 
(5.8-X 10° cells) 


Saponification 
CHCl, extraction 
Ag NaOH partition 
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FIG. 1. Procedure for the identification of C™ 


cholesterol U12-79. 


tion, S103(7), supplemented with 5% by vol- 
ume of dialyzed horse serum according to 
methods described by Swim and Parker(8). 
To ascertain whether cholesterol was synthe- 
sized by U12-79, the cells were propagated in 
this medium supplemented with 0.17 »M/ml 
of acetate-2-C'* (specific activity, 1 uc/uM) 
as follows. Ten T60 flasks were planted with 
5.4 x 10° cells/flask. On the 4th day the fluid 
was removed from each flask and replaced 
with fresh medium. On 8th day the medium 
was again removed and cells were washed 
twice with Earle’s saline(9). At this time, 
the average number of cells/flask was 5.8 x 
10°. The medium from 4th and 8th day and 
the Earle’s saline were combined. The pooled 
medium and the cells were analyzed separately 
for cholesterol as outlined in Fig. 1. The cells 
were saponified and the resulting mixture ex- 
tracted 3 times with chloroform. The com- 
bined chloroform extract was evaporated and 
the residue was chromatographed directly on 
paper, using a modification of the hexane sys- 
tem of Zaffaroni (10), in which the formamide 
is not applied to the paper. That is, the 
sample is placed directly on the paper in hex- 
ane, and the chromatogram is developed with 


this solvent as the mobile phase. Under these 
conditions, cholesterol has an R; of 0.65. The 
chromatographic zone corresponding to cho- 
lesterol was eluted with MeOH=CHCI;(1:1). 
Non-radioactive carrier cholesterol was added 
to the eluate and cholesterol was precipitated 
with digitonin. The digitonin complex was 
hydrolyzed and the resulting cholesterol was 
crystallized to constant specific activity of 
427 cpm/uM. A portion of this cholesterol 
was converted to cholestene-3-one by treat- 
ment with chromic acid. The cholestene-3- 
one after crystallizing to constant specific ac-. 
tivity contained 435 cpm/»M. A_ second 
sample of purified cholesterol was acetylated 
and the resulting cholesterol acetate upon 
crystallizing to constant specific activity con- 
tained 428 cpm/uM. C'-cholesterol was also 
isolated from the medium in this experiment 
and identified by the same procedures. The 
total C'! found in the cholesterol isolated from 
the cells and medium was approximately 0.8% 
of that added to the medium initially as ace- 
tate-2-Cl. 


Discussion. The foregoing data indicate 
that the sequence of reactions leading to syn- 
thesis of cholesterol from acetate is opera- 
tive in strain U12-79. Although the present 
experiments do not provide information on 
the extent to which net synthesis occurs, they 
indicate that these cells are capable of syn- 
thesizing cholesterol. Labeled cholesterol is 
found in a variety of tissues after intact ani- 
mals are administered isotopic acetate(11) ; 
however, it is difficult to distinguish the cellu- 
lar site of origin in tissues due to the mixed 
cell population. In this connection, it is of 
interest that cells of mesenchymal origin are 
capable of synthesizing cholesterol after 5 
years in vitro. In view of the difficulties and 
uncertainties involved in studying the factors 
concerned with accumulation of cholesterol in 
various mammalian cells in the intact animal, 
the U12-79 system appears to offer a number 
of advantages as a model system for investi- 
gations of this type. In the course of these 
experiments other labeled compounds were 
isolated, some of which appear to be steroidal 
in nature. Experiments are under way at the 
present time to identify the sterol type com- 
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pounds in an attempt to relate some of the 
anabolic and catabolic aspects of steroid 
metabolism by strain U12-79. 

Summary. Strain U12-79 of human uter- 
ine fibroblasts propagated in vitro for almost 
5 years was grown in a medium containing 
acetate-2-C'*. C!+-cholesterol was isolated 
from both the cells and the medium. 
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Rate of Flow and Cell Count of Thoracic Duct Lymph in the Mouse. (24244) 
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(Introduced by William O. Reinhardt) 


Dept. of Biology, San Jose State College, San Jose, Calif. 


This report describes a method for collec- 
tion of thoracic duct lymph in anesthetized 
mice, and presents data on rate of flow, white 
cell count, and total lymphocyte output of 
lymph obtained. These data are compared 
with similar measurements of thoracic duct 
lymph in other animal forms. 

Technic. Male mice (40 days old) of NIH- 
Webster strain, unfasted, 17-23 g B.W. were 
anesthetized by intraperitoneal injection of 
6% sodium pentobarbital (7 mg/100 g B.W.). 
An incision was made through the abdominal 
wall, following the usual dorsal approach for 
left adrenalectomy. Manipulations and lymph 
collection were performed in a bloodless field 
under a dissecting microscope. The incised 
body wall was retracted to expose the ab- 
dominal aorta. Viscera within the field were 
carefully retracted, care being taken to avoid 
entering the peritoneal cavity. The aorta, 
cranial to the mesenteric lymph node (Aselli), 
was displaced gently away from posterior ab- 
dominal muscles caudal to the diaphragm. 
This procedure exposed the thoracic duct, 
contiguous to posterior aspect of the aorta. 
The dissection, carefully executed, resulted in 
formation of a depression or cup, bounded by 


the aorta on the left side and paravertebral 
muscles on the right. The superior border of 
this cup was demarcated by the aorta as it 
traversed the diaphragm; the inferior border 
of the cup was formed by juncture of the 
aorta, mesenteric lymph node, and paraverte- 
bral muscles. The floor of the cup was 
formed primarily by the left side of the 
thoracic duct. 

The point of a 27 G hypodermic needle 
was used to make 2 slits in the exposed thor- 
acic duct. The first opening was cephalic to 
a segmental artery crossing the duct. To in- 
sure complete drainage of the thoracic duct 
lymph into the structural cup, a second open- 
ing was made caudal to this segmental artery. 
After incising the wall of the duct, a free flow 
of clear or milky lymph drained into the 
anatomical cup or depression. The tip of a 
fine glass sequestrene treated cannula of small 
bore was then placed in the cup adjacent to 
the duct incisions. Lymph was drained 
through the cannula into a small glass vial 
under slight negative pressure. Lymph was 
collected for half hour periods, measurements 
being made at intervals during collection. 

Results. Table I presents pertinent data 
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TABLE I. Thoracie Duct Lymph Flow and Lymphocyte Output in Anaesthetized Male Mice. 


——_Lymphoecyte—____, 


7—~——Lymph vol—_,, Content, ———— Output s 
No.of Body wt, Collection ml/hr/kg cells/mm# Cells/hr Cells/hr/kg 
Exp. animals g time, min, ml/hr B.W. Neate oe BW. Soin 
Controls 20 Ze Ole 90 AINE (i Saale Sif Leber et UN Walese 32 57.0 + 84 
Diurnal 

variation 
A.M. 6 20 + .6 90 Ove 025 sare Oo eea 6,8 1-2 Sf a= all 34.6 + 6.5 
Teale 5 19 == 4 90 Aber (iey Copil Sea) 18.6 + 2.7 10-3) 104,66 

SE Shoe 

determined on thoracic duct lymph from 20 tion. A diurnal variation was apparent for 


anesthetized mice. 

Lymph flow from the thoracic duct lymph 
varied in quantity from 0.03-0.24 ml/hr. 
Lymph flow remained fairly constant for each 
animal during collection, although the cell 
output had a tendency to rise during later 
sampling periods. The mean flow (ml/hr/ 
kg B.W.) was greater than that reported for 
most other animals; the highest values ob- 
tained for lymph flow in the mouse (14 ml/ 
hr/kg B.W.) were greater than recorded for 
other animals under similar conditions(1). 
There appeared to be no consistent relationship 
between lymph flow, lymphocyte output, and 
body weight. On the basis of average thoracic 
duct lymph flow of 0.1 ml/hr, it can be calcu- 
lated that a volume of at least 2.4 ml of thor- 
acic duct lymph passes into the venous blood 
in 24 hr period. This amounts to approxi- 
mately one and one-half times the total blood 
volume(2). White cell counts for the thor- 
acic duct lymph averaged 11,700 + 1,100 and 
varied from 1,000-35,400 cells/mm*. The 
mean value for the thoracic duct lymphocyte 
output (cells/hr/kg B.W.) was similar to val- 
ues obtained for the guinea pig(1). 

Comparison of the values for lymph collec- 
tions obtained from 9:30-10:30 a.m. with 
similar data obtained from 3:30-4:30 p.m. 
was used to determine extent of diurnal varia- 


average total lymphocyte output (cells/mm?, 
cells/hr, and cells/hr/kg B.W.) from the 
thoracic duct for mice in which lymph was 
collected for the morning hours, as compared 
to a similar collection period in the afternoon. 
The data showed a significantly higher value 
(p<.01) for mean cell count and output in 
the afternoon period. 


Protein concentration as measured by the 
copper sulfate specific gravity method aver- 
aged 4.6 + 0.3 g% for the thoracic duct 
lymph of 9 mice. 


Summary. 1. A method is described for 
obtaining lymph from the abdominal thoracic 
duct of the anesthetized mouse. 2. Average 
rate of lymph flow was approximately 0.1 
ml/hr, or 5.5 ml/hr/kg B.W. 3. The cell 
content averaged 11,700/mm*, and the total 
lymphocyte output averaged 1.10 x 10*%/hr. 
4. There was a significant diurnal variation 
in lymphocyte output which was greater in 
the afternoon than in the morning. 
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Effects of Cortisol and Phenylbutazone on Experimental Arthritis and 


Serum Polysaccharide /Protein Ratios in Rats. 
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(With technical assistance of Nancy Hedl, Laura Hansen and Elaine Gochman) 
Division of Biological Research, G. D. Searle & Co., Chicago, Ill. 


Jasmin observed that exudate of the Mur- 
phy rat lymphosarcoma (MRLS)_ tumor- 
pouch will produce typical proliferative arth- 
ritis in rats(1). The articular lesions, which 
show heavy cellular infiltrations in the syno- 
via, pannus-like proliferations and erosion of 
the articular cartilage(2), develop in 3-7 days 
and are aggravated by adrenalectomy(3). 
Since the polysaccharide/protein (PR) ratio 
of serum correlates well with clinical activity 
of rheumatoid arthritis(4), it was of interest 
to study PR ratios in rats with this type of 
experimental polyarthritis. 


Materials and methods. Male Sprague- 
Dawley rats were maintained on Rockland 
rat diet and tap water ad lib. The MRLS 
exudate was prepared according to the method 
of Jasmin(2). Briefly, a tumor cell suspen- 
sion was prepared and 0.5 ml was injected 
into a 25 ml pneumodermal pouch on dorsal 
side of male rats. After 7-10 days the exu- 
date was withdrawn from the pouch, centri- 
fuged, and either used immediately or after 
1 week’s storage at —5°C. One ml of this 
exudate was administered intraperitoneally to 
male rats weighing about 180 g, 24 hours after 
adrenalectomy. Each rat received a 0.1 mg 
maintenance dose of desoxycorticosterone ace- 
tate (DCA) daily. Daily therapy with corti- 
sol or phenylbutazone, given subcutaneously 
in oil, was begun at time of exudate adminis- 
tration and continued for 5 treatments. One 
day after the last treatment, blood samples 
were taken by cardiac puncture and the ani- 
mals sacrificed for macroscopic examination 
of the joints. Three regions were examined 
for swelling on each extrmity: paw, tibiotarsal 
or radio-carpal joint, and femuro-tibial or 
humero-radial joint. Severity of lesions was 
graded on a scale of 0 to ++-+-+. Serum 
nonglucosamine polysaccharide concentrations 
were determined by the method of Shetlar 
et al.(5) and total serum protein was deter- 


mined by the biuret method. The PR ratio 
of Payne et al.(6) was obtained from the fol- 
lowing relationship: 


serum polysaccharide 
pR—| oe LS 0! 


[serum protein | 

Results. None of the control rats developed 
signs of polyarthritis, whereas 95% of the 
animals that received the MRLS exudate, but 
no therapy, and survived the treatment pe- 
riod, showed swelling of one or more of the 
sites (Table I). Only 22% of the rats that 
received cortisol at 1 mg were affected (P< 
0.05). None of the animals in the 5 mg corti- 
sol group showed any swelling (P<0.01). 
Phenylbutazone, on the other hand, had no 
significant effect on incidence of arthritis (P 
>0.05). Severity of lesions in afflicted 
animals was reduced significantly by cortisol 
treatment, but was not decreased significantly 
with phenylbutazone. The mortality of 28% 
produced by MRLS exudate was eliminated 
by treatment at both dose levels of cortisol, 
but was not reduced significantly with phenyl- 
butazone. 

MRLS exudate clearly increased serum 
polysaccharide levels without producing any 
great change in protein concentrations (Table 
I). PR ratios, therefore, were increased in 
all groups receiving exudate (Fig. 1). Corti- 
sol treatment increased protein levels of both 
treated and control animals. Polysaccharide 
values were not reduced significantly by corti- 
sol. Cortisol decreased the PR ratio in the 
rats treated with exudate and the 5 mg dose 
level appeared to reduce the PR ratio in the 
control animals. Phenylbutazone treatment 
produced no consistent changes in serum 
polysaccharide, protein, or PR ratio. 

Discussion. These experiments confirm 
the work of Jasmin on production of poly- 
arthritis in rats with a single injection of 
MRLS exudate and the inhibition of arthritic 
lesions with cortisol(2). In addition, it was 
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TABLE I. Effects of Cortisol and Phenylbutazone on Polyarthritis and Serum Changes in Rats 
Treated with MRLS Exudate. 


Incidence 
of swelling Severity of Blood serum 
in survivors swelling in r = 
——————— afflicted Mor- Polysaccha- 
Treatment % Rats rats tality Rats ride,mg % Protein, % 
(A) Control 
Oil 0 0/13 ( 1/14 13 150 4* 5.64 08% 
Cortisol, 1 mg 0/ 5 0 0/ 5 5 169 5 62135 206 
ct eLeeutiae ce O05 0 OV 4 TH2. os 6.46  .06 
Phenylbutazone, 20 mg O) Ws '% 0 3/10 if 168 6 5.66 .08 
(B) MRLS exudate 
Oil 95 19/20 2.5 8/28 13 228 6 2; Ol areal 
Cortisol, 1 mg 22 2/29 1.0 0/ 9 5 238 dl 62685) Sat 
ess 0 0/20 0 0/20 13 210 9 6.91 .15 
Phenylbutazone,20mg 71 10/14 201 4/18 9 217 10 Soe saSL ii 
* Stand. error of mean. 
shown that phenylbutazone did not signifi- treatment reversed the shift in PR ratio 


cantly inhibit incidence or severity of the le- 
sions in our experiments. Phenylbutazone is 
weakly active, at best, in most other animal 
tests for anti-inflammatory activity and is 
metabolized rapidly in the rat(7). 
Administration of MRLS exudate resulted 
in polyarthritis and an increase in PR ratio 
which was attributable to a relative increase 
in polysaccharide. These facts would suggest 
that the increased polysaccharide was asso- 
ciated somehow with the arthritis. Cortisol 


(a) Control 
MRLS'_ Exudate 


PR Ratio 


1 mg. Smg. 20mg. 
Phenyl- 
Oil Cortisol butazbne 


FIG. 1. Effeets of cortisol and phenylbutazone on 
serum PR ratios in rats treated with MRLS exu- 
date. Bars represent stand. error, 


mainly by increasing protein levels in the se- 
rum, suggesting that the increase in protein 
might have been associated with inhibition of 
MRLS arthritis. However, cortisol at the 5 
mg level appeared to decrease PR ratio in the 
control rats, mainly by increasing serum pro- 
tein. This might be considered the result of 
the “protein mobilizing” effect of cortisol(8), 
rather than the anti-inflammatory effect. It 
is of interest that both MRLES arthritis in the 
rat and rheumatoid arthritis in man are asso- 
ciated with increases in serum PR ratio and 
that cortisol reduces the PR ratio in both con- 
ditions. Further work will be required, how- 
ever, to determine reasons for the association 
between inflammatory diseases and shifts in 
PR ratio of the serum. Winzler has discussed 
5 hypotheses explaining the rise in serum gly- 
coproteins during inflammation(9). 


It is possible that tumor cells could have 
been transferred into the experimental animals 
in the tumor exudate even though the exudate 
had been centrifuged and no tumors were 
found at autopsy after 5 days. If so, this 
might explain the changes in PR ratio since 
neoplastic diseases are known to affect PR ra- 
tio(6). The observation that endotoxins in- 
crease glycoprotein levels in the serum(10) 
suggests another possible explanation for the 
shifts in PR ratio observed in our experiments. 
Jasmin has presented evidence that the arth- 
ritogenic agent in MRLS exudate is a micro- 
organism growing in the .tumor(2). Thus, 


RESPONSE TO GONADOTROPHINS 57 


the shifts in PR ratio could have been the re- 
sult of an infection rather than of poly- 
arthritis, per se. 


The animals treated with exudate plus cor- 
tisol were in much better physical condition 
than the animals treated with exudate alone 
as evidenced by appearance of the coat, ac- 
tivity of the animals, and mortality figures 
(Table I). This would indicate that under 
the conditions of these experiments the 
adrenal replacement (or anti-stress) effects 
of cortisol and the anti-inflammatory effects 
of cortisol were dominant over the pro-infec- 
tive effects. 


In subsequent experiments, using new 
batches of MRLS exudate, we were unable to 
reproduce the expected incidence of polyarth- 
ritis. If the arthritogenic factor in the exu- 
date used earlier was an organism growing in 
the tumor as Jasmin’s work suggests, perhaps 
we lost our “culture” during serial transplan- 
tations of the tumor. 


Microscopic examination of the joints after 
5 days suggested that the inflammatory reac- 
tions originated in the periarticular tissues. 
Conclusive proof of the site of origin will re- 
quire sectioning the joints at earlier stages of 
the reaction and perhaps examination of se- 
rial sections. Regardless of whether the le- 
sions originate in the periarticular or the syn- 
ovial tissues, the severe inflammatory reaction 
produced by MRLS exudate offers a promising 


approach to study of inflammation and anti- 
inflammatory drugs. 

Summary. A single injection of exudate 
from Murphy rat lymphosarcoma produced 
polyarthritis and elevated polysaccharide/ 
protein ratios of the serum. In a later series 
of experiments the incidence of arthritis was 
much less. When arthritis was produced 
cortisol inhibited the incidence and severity 
of the arthritic lesions and partially reversed 
the shift in polysaccharide/protein ratio. 
Phenylbutazone had no consistent effect on 
polyarthritis or serum ratios. 
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Response to Exogenous Gonadotrophins in Absence of Dietary Protein.* 


(24246) 


HERBERT H. SREBNIK, MARJORIE M. NELSON AND Miriam E. SIMPSON 
Institute of Experimental Biology and Department of Anatomy, University of California, Berkeley 


Rats on low-protein or protein-free diets 
exhibit marked disturbances of the reproduc- 
tive system as shown by prolonged anestrus, 
ovarian and accessory organ atrophy and by 
failure to maintain pregnancy(1,2). Estrone 
and progesterone at dosage levels effective in 
rats hypophysectomized and ovariectomized 
soon after breeding(3) successfully main- 
tained pregnancy in the absence of dietary 


* Aided by grants from U.S.P.H.S. We are greatly 
indebted to Dr. Randolph Major, Merck and Co., 
Rahway, N. J., for generous supplies of 2-methyl- 
1,4-napthoquinone and crystalline B vitamins; to 
Dr. Elmer L. Severinghaus, Hoffmann-LaRoche, 
Nutley, N. J. d-biotin, d-calcium 
pantothenate, and dJ-alpha-tocopherol; and to Dr. 
T. H. Jukes, Lederle Laboratories, Pearl River, N. Y. 
for synthetic pteroylglutamic acid. 


for crystalline 
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protein(4). The gonadal atrophy resulting 
from such diets suggested a reduction in cir- 
culating gonadotrophic hormones or an im- 
pairment of ovarian sensitivity. This study 
was designed to test the response of female 
rats to administration of various gonadotro- 
phins in the complete absence of dietary pro- 
tein. 


Methods. Female rats (Long-Evans strain) 
approximately 80 days of age and 200 g in 
body weight were fed a purified diet, free of 
protein, but containing all other known 
dietary essentials.t Vaginal smears were ex- 
amined daily, and the animals weighed every 
5 days. After 5 weeks on the protein-free 
diet, the rats were distributed into equivalent 
groups of 3 to 5 rats according to body weight 
and length of anestrus. When injection of 
gonadotrophins was begun the rats had been 
in anestrus for approximately a month and 
had lost one-third of their initial body weight. 
Four gonadotrophic hormones} were injected: 
pituitary follicle stimulating hormone (FSH) 
and interstitial cell stimulating hormone 
(ICSH), human chorionic gonadotrophin 
(HCG) and equine gonadotrophin (PMS). 
Varying levels of FSH, ICSH and HCG were 
given subcutaneously once daily for 4 suc- 
cessive days; PMS was administered in a sin- 
gle subcutaneous dose. As a standard of refer- 
ence for response to hypophyseal gonadotro- 
phins, hypophysectomized rats, 17-20 days 
post-operative, were used. These rats were 
similar in age and body weight to the protein- 
deficient animals and were maintained on a 


+ The protein-free diet consisted of sucrose 88%, 
hydrogenated cottonseed oil 8%, salts No. 4(5) 4%. 
Crystalline vitamins/kg of diet were: vit. Bio 0.05 
mg, d-biotin 0.6 mg, 2-methyl 1,4-naphthoquinone 
10 mg, thiamine HCl 10 mg, pteroylglutamic acid 11 
mg, riboflavin 20 mg, p-aminobenzoic acid 20 mg, 
niacin 40 mg, d-calcium pantothenate 100 mg, inosi- 
tol 800 mg, choline chloride 1000 mg. All rats re- 
ceived weekly a fat-soluble vitamin supplement of 800 
USP units vit. A, 115 chick units vit. D, 6 mg syn- 
thetic alphatocopherol and 650 mg corn oil (Mazola). 


+ FSH prepared from sheep pituitaries and ICSH 
prepared from beef pituitaries by ammonium sulfate 
fractionation; HCG (‘“‘Antophysin’’), prepared by 
Winthrop Laboratories; PMS (“Gonadin’’), prepared 
by Cutter Laboratories. 


stock diet of natural foodstuffs.) In experi- 
ments involving non-pituitary gonadotrophins 
normal immature rats,|| 24 days of age, were 
injected parallel with protein-deficient ani- 
mals. Hypophysectomized rats are less re- 
sponsive to low levels of HCG and PMS(6) 
than intact animals and, therefore, are not 
suitable as controls for these gonadotrophins. 
All rats were autopsied 96 hours after onset of 
injection. Uteri were freed of their oviducts, 
drained of fluid and weighed. Ovaries were 
weighed, fixed in Bouins solution and stained 
with hematoxylin and eosin for histological 
study. Criteria for ovarian stimulation were 
those described by Evans et al.(7). Follicle 
stimulating activity was determined by re- 
sumption of follicular growth, and interstitial 
cell stimulating activity by repair of the atro- 
phic interstitial cells, 7.e., return to normal 
nuclear pattern and cell size. Production of 
fully mature follicles and of corpora lutea as 
well as uterine response gave additional evi- 
dence of ovarian sensitivity. The critical 
dosage levels for minimal response to each 
gonadotrophin were confirmed at least once. 

Results. Follicular development was about 
equally retarded in the ovaries of uninjected 
protein-deficient and of adult hypophysecto- 
mized rats, both containing only small fol- 
licles. Follicular development was perhaps 
slightly greater in protein-deficient rats, be- 
ginning antrum formation being observed oc- 
casionally. Persistent corpora lutea were 
present in the ovaries of both types of rats. 
The interstitial cells in the protein-deficient 
animals had the same morphological and 
staining characteristics as in hypophysecto- 
mized rats (‘wheel cells’), though they ap- 
peared to be increased in number. 

Pituitary FSH had no effect on follicular 
growth in protein-deficient or in adult hypo- 


§ Diet I is composed of wheat 67.5%, casein 15%, 
skim milk powder 7.5%, hydrogenated vegetable oil 
6.75%, fish oil 1%, iodized NaCl 0.75%, CaCOs 
1.5%. This was supplemented every day by a wet 
mash of the same diet. 

|| Normal immature rats received the regular stock 
diet (Diet XIV) consisting of wheat 68.5%, casein 
5%, fish meal 10%, alfalfa leaf meal 10%, fish oil 
5%, iodized NaCl 1.5%. Lettuce was given 2-3 
times weekly. 
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TABLE I, Response to Hypophyseal FSH in Protein-Deficient and in Hypophyseetomized 
Adult Rats. 
6VeNNueN=—‘[j—wu“<.eao0w@jwz#x*omwwoyoqyo*oowoooononaoT0 


oo Ovaries —_—___—__, 
Total M No. of Interstitial 
dose, RU rats Wt, mg Folliclest cells Uterine wt, mg 
Protein-deficient 
0 ll 25 «Ot 8 Atrophie 80 4 
1 3 26 «65 8 id 77 8 
2 8 30 064 sm Mu 84 4 
4 cB 34 2 m a 94 8 
8 8 44. 3 m-—| i G7 eS 
Hypophysectomized 
0 11 29 2 8 Atrophie 68 3 
JE 9 29° —C 3 s wt 68 4 
2 9 35 3 sm a Se 
+ 9 44 2 m i DD LS 
8 9 54.¢«C*dS m-l fa 70) ee, 


_ _* 1 RU (rat unit), as defined by Evans et al.(7), represents minimal total amount which, 
inj. subeut. over a 3-day period, caused resumption of follicular growth in rats hypophysecto- 
mized at 26-28 days of age and 6-8 days post-operative. 

t Follicles were measured with ocular micrometer and designated as small (s) = 375 y, small 
medium (sm) = 450-500 uw, medium (m) = 550-650 yw, medium-large (ml) — 700-750 yw, and 


large (1) = 800-1000 xu. 
¢ + stand. error of mean. 


physectomized rats when 1 rat unit (RU) 
was given (Table I). Both groups responded, 
however, to 2 RU with a slight increase in fol- 
licle size and beginning antrum formation. 
With the highest dosage, 8 RU, uterine 
weights were increased to the same extent. 
No effect on the atrophic interstitial tissue 
was observed in either type of rat up to the 8 
RU dose level. Injection of 1% RU of pitui- 
tary JCSH in protein-deficient rats (Table 
II) caused a detectable increase in the amount 
of interstitial cell cytoplasm and in the in- 
tensity of the staining reaction (designated as 


“partial repair’). Further increase in cell 
size and staining intensity, as well as increase 
in nuclear size and some scattering of the 
clumped chromatin, were observed with 1 RU 
ICSH. Hypophysectomized rats required 
twice as much ICSH, namely 1 RU and 2 RU 
respectively, for similar responses. 

HCG resulted in follicular growth and in- 
creased uterine weights in protein-deficient 
fatsuatel.25 01a (Table il) 7.5 (US eG 
induced corpus luteum formation and partial 
repair of interstitial tissue. In normal imma- 
ture rats, used in comparisons of response to 


TABLE II. Response to Hypophyseal ICSH in Protein-Deficient and in Hypophysectomized 


Adult Rats. 
a — Ovaries — 
Total No. of Interstitial 
dose, RU* rats Wt, mg Follicles cells Uterine wt, mg 
Protein-deficient 
0 24 25 NT s Atrophie 79 3t 
20 16 30 2 es <¢ Ohi Gs 
5) 16 AoE ol : Partial repair 86 «3 
1.0 16 28 i am Idem 88 2 
Hypophysectomized 

0 16 SL IZ s Atrophie 72 «4 
3) i 29 ] ss . Sa. 5 
1.0 15 29 2 Partial repair 88 In 
2.0 16 32 Z Idem 87 3 


* 1 RU (rat unit), as defined by Evans et al.(7), represents minimal total amount which, inj. 


intraper. over a 3-day period, caused rep 


tomized at 26-28 days of age and 6-8 days post-operative. 


air of ‘‘deficient’’ interstitial cells in rats hypophysee- 


When ICSH is inj. subcut., as in this 


study, approximately 4 times as much of the hormone is required. 


+ + stand. error of mean. 
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TABLE III. Response to HCG in Protein-Deficient and in Normal Immature Rats. 


— Ovaries ————————— 
Total No. of Interstitial fn fe 
dose, LU rats Wt, mg Follicles cells Uterine wt, mg 
Protein-deficient 
0 11 26 86 2t s Atrophic 83 4t 
3-6 6 2 Omen s af 108 18 
1.25 8 29 2 sm, m1 * : 185 20 
2.5 8 Bhel is m-ml,CL* Partial repair 185 10 
3.75-5.0 6 413 m-l, CL Repair ies 8) 
Normal immature 
0 10 Wy it sm,fewm Epithelioid Pa 
6 10 IK aL Idem a 28> 2 
1.2 10 18 2 i fs 23 2 
2.5 10 ney al ml, few | 4 116 18 
5.0 5 28 863 few ml, CL e - ) 


* Newly formed corpora lutea. 


this gonadotrophin, 1.25 IU caused no follicu- 
lar development, 2.5 IU being required for 
follicular and uterine growth and 5 IU for 
corpus luteum formation. Only 0.25 IU of 
PMS was needed to stimulate follicular de- 
velopment and increase uterine weights in 
protein-deficient rats (Table IV), and 0.5 IU 
resulted in corpus luteum formation and par- 
tial repair of the interstitial tissue. In nor- 
mal immature rats higher levels of PMS, 
namely 0.5 - 1 IU, were necessary for follicu- 
lar enlargement and uterine response, and 1 
IU for corpus luteum formation. 

Discussion. It has been shown in this study 
that the ovaries of protein-deficient rats re- 
sponded to exogenous gonadotrophins. Pitui- 
tary FSH and ICSH were at least as effective 
as in hypophysectomized rats of similar age 
and body weight, whereas HCG and PMS 
were twice as effective as in normal immature 
rats. Starvation or food restriction, condi- 


+ + stand. error of mean. 


tions in which protein consumption is corre- 
spondingly reduced, did not interfere with the 
response of the ovaries to pituitary or non- 
pituitary gonadotrophins (e.g. 8,9,10,i1). 
Similar results were obtained in lysine defi- 
ciency(12). The effects of small amounts of 
hormone, or of graded doses, however, have 
not been adequately explored; moreover, no 
purified hypophyseal ganadotrophins have 
been tested during inanition and their effects 
compared with those in hypophysectomized 
animals. 

Ovarian responsiveness to gonadotrophins, 
under conditions comparable to those used 
here, has been investigated during Vit. Be 
deficiency(13). Bg-deficient rats required 8 
times as much FSH and twice as much ICSH 
for follicular stimulation and interstitial re- 
pair as hypophysectomized rats of compar- 
able age and body weight. The FSH and 
ICSH preparations were identical with those 


TABLE IV. Response to PMS in Protein-Deficient and in Normal Immature Rats. 
ee ea a ee 


————_ Ovaries ———_-——_,, 
Total No. of Interstitial 
dose, LU rats Wt, mg Follieles cells Uterine wt, mg 
Protein-deficient 
0 14 25 = 2* s Atrophie SOF see 
| 9 28° 2 S Me 101 fa 
25 ) 29 2 smi ” 188 19 
5 14 372 m-l, CL Partial repair 204 12 
1.0 10 42 3 m-l, CL Repair 160> 2 
Normal immature 
0 19 UP 1 sm, few m Epithelioid Pa a 
5 14 I al sm, few m—ml 638 12 
1.0 isd Peay few m, ml, CL : aL ees 


* + stand. error of mean. 
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used in this study. It would appear, there- 
fore, that loss of ovarian function in By de- 
ficiency may be partly due to impaired ovar- 
ian sensitivity. In protein-deficient rats, 
where no such impairment exists, reduction of 
circulating gonadotrophins is a more likely 
explanation. Lack of circulating gonadotro- 
phins has previously been suggested as an ex- 
planation for the gonadal atrophy resulting 
from inanition(8,9,10). 

The reason for the greater effectiveness of 
HCG and PMS in protein-deficient rats than 
in normal immature rats is not clear. These 
hormones may be more rapidly inactivated or 
excreted in normal immature rats, or the 
ovaries of sexually immature animals may be 
refractory to low levels of these gonadotro- 
phins. Both HCG and PMS exert gonado- 
trophic action at lower doses in normal than 
in hypophysectomized rats(6). It is com- 
monly assumed that these hormones stimu- 
late the pituitary in the normal rat, the FSH 
released acting synergically with the ICSH- 
like component of the injected hormone. Fol- 
licular growth following injection of HCG 
and PMS into protein-deficient rats might 
then result from a similar mechanism. The 
pituitaries of protein-deficient rats have al- 
ready been shown by bioassay to contain FSH 
(14), and this may be released under the 
stimulus of these hormones. 

Summary. Adult female rats were given a 
protein-free diet for 5 weeks and their re- 
sponse to graded amounts of gonadotrophic 
hormones determined. Protein-deficient rats 
responded to FSH with follicular growth at 
the same dosage levels as adult hypophysec- 


tomized rats of similar age and body weight. 
ICSH, as judged by stimulation of interstitial 
tissue, was slightly more effective in protein- 
deficient than in hypophysectomized rats. 
HCG and PMS induced follicular growth, 
corpus luteum formation and increased uter- 
ine weights in protein-deficient rats at one- 
half the dosages necessary in normal immatur 

rats. 
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Oral administration of I'*" labeled triolein 
to patients with subtotal gastrectomy (Bill- 
roth II) frequently yields abnormal results 


consisting of reduced levels of blood radioac- 
~* Work supported in part by U. S. Public Health 
Grant A1987. 
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tivity and increased concentrations of radio- 
active material in the stool(1). Blood and 
fecal values of radioactivity obtained from 
the same patients given I! labeled oleic acid 
have been normal in most instances, indicating 
that the defect exhibited is primarily one of 
digestion of triglyceride rather than absorp- 
tion of fatty acid(1). Following imtraduo- 
denal injection of I'*' labeled lipids (triolein 
and oleic acid), similar results for blood and 
fecal radioactivity have been found in normal 
subjects(2). Recently, this induced defect 
in normal subjects has been partially or com- 
pletely corrected by oral or intraduodenal ad- 
ministration of untagged lipid emulsion given 
prior to intraduodenal infusion of tagged tri- 
olein (unpublished). Since the results fol- 
lowing oral I'*! lipid administration to pa- 
tients with subtotal gastrectomy were similar 
to those observed in normal subjects follow- 
ing duodenal intubation, an untagged lipid 
meal was given to patients with subtotal gas- 
trectomy prior to administration of tagged 
triolein. 

Methods. Twelve male patients, age 30 to 
72 years, who had had a subtotal gastrectomy 
(Billroth II) 2 to 9 years previously were 
studied. In no instance was there clinical or 
laboratory evidence to suggest an associated 
disorder of pancreas or small intestine. Each 
patient was studied twice. The first test was 
conducted in the fasting state; 58 to 80 ml 
of a lipid emulsion, which contained ['*1 
labeled triolein being administered orally. 
The second study period began 96 to 168 
hours after the first and was similar in every 
respect, except that 50 ml of non-radioactive 
lipid emulsion (peanut oil and water) was 
given orally 30 minutes prior to second test 
dose of tagged lipid. The methods of prepa- 
ration and administration of the I'*! labeled 
triolein emulsion as well as collection and 
counting of blood and fecal samples have been 
previously described(3). Blood and fecal ra- 
dioactivity were expressed as percentage of 
administered dose/liter of whole blood and 
48 to 72 hour collection period, respectively 
(3). Blood samples were obtained at hourly 
intervals for 6 hours. Fecal samples were col- 
lected for 24 to 72 hours and were weighed. 
Liquid stools were judged to be possibly con- 


taminated with urine and were discarded. 
Blood radioactivity data were analyzed by 
comparing differences between means _ of 
paired values obtained at each sampling time 
during the 2 study periods. 

Results. (Table I). When patients were 
pre-fed with lipid, concentrations of blood ra- 
dioactivity measured 3 to 6 hours after la- 
beled lipid drink were significantly greater, 

== <0.01, than previous values obtained 
after labeled triolein was given without lipid 
pre-feeding. Blood values obtained at 1 and 
2 hours were similar for both study periods, 
as was the time of maximum blood radioac- 
divity, Pi=>0.20; 

Fecal radioactivity was increased in 10 pa- 
tients during initial study period, when com- 
pared with previously established normal val- 
ues (upper limit = 5.0% of dose/48 hr col- 
lection period) (3). One patient had normal 
fecal radioactivity (HC), and in another the 
value was borderline (JP). Fecal collections 
obtained during second study period were in- 
complete in 4 patients (AP, CL, JP and JD). 
Significant reduction of fecal radioactivity was 
observed in the remaining 8 patients, during 
the second study period (mean difference = 
10.3 + 2.3% of dose/comparable collection 
period, p = <0.01). Five of the 7 patients 
who showed initial abnormalities had normal 
fecal samples when lipid was fed 30 minutes 
prior to tagged triolein. 

Discussion. It is apparent from the fecal 
radioactivity results that 10 of the 12 patients 
studied exhibited impaired digestion or 
absorption of a “standard” dose of I'*! la- 
beled triolein. This abnormality was either 
partially or completely corrected by oral in- 
gestion of fat 30 minutes before administra- 
tion of a ‘“‘standard” dose of I'*! labeled tri- 
olein. These data support the concept that 
the defect in such patients is primarily if not 
completely digestive in origin(1,4,5).  In- 
deed, the reported data suggest that the ma- 
jor digestive disturbance is one of suboptimal 
mixing of the labeled triglyceride bolus with 
bile and pancreatic secretions, since optimal 
hormonal stimulus with a subsequent physio- 
logic response of gall bladder and pancreas is 
suggested by the normal fecal values obtained 
with lipid pre-feeding. Although an overall 
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TABLET, Effect of Pre-feeding of Fat on Blood and Feeal Radioactivity in Subtotal Gastree- 

ey Patents, ee 

ey Pationty, a ee 
Patient eae eee (% of dose/1) Fecal values 


* . « 
Study lhr 2hr 3 hr 4 hr 5 hr 6 lu (% of dose) 
RT 1 a tl 87 95 1.13 1.21 1.62 16.6/48t 
2 ge % 2.14 2.66 2.61 2.36 1.95 6.0/48 
AP 1 .70 1.00 1.14 1,21 1.24 1.20 36.0/48 
2 52 1.28 2.25 3.05 3.55 2.82 4/24 
WH 1 27 .65 1.63 2.24 2.67 2.58 10.0/48 
2 14 62. 180 267. 345 3.99 1.0/72 
RD 1 3.13 2.90 2.51 2.26 15.6/48 
2 1.74 4.43 3.69 Spl 3.5/72 
CL = 62 89 1.48 2.00 1.75 1.20 27.0/24 
2 78 1.73 2.30 3.28 3.30 2.72 2/24 
JP 1 84 1.62 1.65 eal 1.83 1.74 5.0/72 
2 ¥k( 1.22 1.98 2.14 2.24 2.16 t 
ER 1 Ag 26 26 29 42 54 23.38/72 
2 33 1.12 1.50 2.40 2.46 2.08 2.9/72 
GM 1 95 1.50 1.67 1.55 2.02 1.48 14.8/48 
2 96 1.97 2.85 2.51 2.24 2.10 1.5/72 
CD 1 74 1.28 1.70 1.65 OF 1.59 14.7/72 
2 85 2.17 3.63 2.98 3.02 3.00 4/72 
JD af 43 58 1.58 1.60 1.74 1.56 21.4/72 
2 94 2.35 2.34 1.60 t 
HC 1 1.33 1.27 1.91 1.23 1.63 1.93 2.8/72 
2 1.23 2.74 3.13 2.72 2.61 2.27 3/72 
WD 1 1.52 2.50 2.65 2.51 2.51 2.30 8.3/48 
2 2.32 2.37 2.56 2.36 2.20 2.23 6.8/48 
* Study 1: I labeled triolein. Study 2: I labeled triolein preceded 30 min. by peanut oil. 


t+ Collection period (hr). 
¢ Incomplete; contaminated with urine. 


decrease in intestinal transport time is not 
present in most patients with subtotal gas- 
trectomy(6), the bolus may enter the lower 
small intestine within 15 minutes after in- 
gestion(7). In doing so, it rapidly traverses 
the intestinal level where maximum lipid ab- 
sorption may normally occur(8). From these 
observations and the reported data, one may 
postulate a mechanism to explain the correc- 
tion of abnormal fecal radioactivity when lipid 
was fed 30 minutes prior to administration of 
tagged triolein to patients with subtotal gas- 
trectomy (Billroth II): 1. Pre-fed lipid 
stimulates hormonal secretion with resultant 
physiologic flow of bile and pancreatic juices. 
2. Bile and pancreatic juices are available for 
mixing with the tagged lipid bolus at an in- 
testinal site where lipids are maximally ab- 
sorbed(5). Since the intestinal hormones are 
characterized by a short period of latency and 
little persistence of action(9), the timing of 
the “priming” dose may be variable in in- 
dividual patients, which might explain the 


fact that fecal radioactivity was only partially 
corrected in 2 patients. 

Summary. The I'*! tagged triolein test was 
performed in 12 patients with subtotal gas- 
trectomy (Billroth II) in the fasting state 
and 30 minutes after oral ingestion of a fat 
meal. In the fasting state, increased fecal 
radioactivity was observed in 10 patients. 
When lipid was pre-fed, there was a signifi- 
cant decrease in radioactive content of stool 
and increase in blood radioactivity. The data 
support the concept that the defect exhibited 
by these patients is primarily digestive and 
suggest that the major disturbance is one of 
inadequate mixing of labeled triglyceride with 
the upper intestinal contents necessary for 
proper lipid digestion. 
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The characteristic acidity of cells of malig- 
nant tumors may make them more susceptible 
than normal cells to damaging, acid-sensitive 
chemicals(1.2). One such chemical is 3,3- 
dimethyl-1-phenyltriazene (PT). It inhibits 
Sarcoma 180 and other tumors(1,3), perhaps 
by releasing diazonium ion in a reaction cata- 
lyzed by acid(1). To learn whether the in- 
creased acidity of tumors might alter the ac- 
tion of PT on Sarcoma 180 in mice it was 
proposed to inject glucose prior to each day’s 
injection of PT. The administration of glu- 
cose is known to increase acidity of tumors 
(4). This report presents results of such an 
experiment, together with ancillary observa- 
tions. 


Materials and methods. PT was prepared 
by the method of Elks and Hey(5). It was 
characterized by boiling range and absorption 
spectra in 3 solvents. It distilled at 100- 
101°C (uncorr.) and 5 to 5.5 mm Hg pres- 
sure. Common logarithms of molar extinc- 
tion coefficients at 225, 285 and 308 my were, 
for PT in 95% ethanol, 3.93, 4.08 and 4.06, 
respectively. LeFevre and Liddicot(6)_ re- 
ported 3.97, 4.14 and 4.11 as the correspond- 
ing values. In iso-octane the logarithms were 
3.99, 4.12 and 4.06 at the same wave lengths. 
In water they were 3.91, 4.10 and 4.10, and a 
maximum value of 4.12 was obtained at 302 
my. No comparable data are available. Ul- 
traviolet measurements were made with 1 cm 
cells and a Beckman DK spectrophotometer. 
The effect of PT upon tumor growth was 


measured in female albino mice weighing 17 
to 20 g. Each was given by trocar a subcu- 
taneous implant of Sarcoma 180 weighing 7.5 
mg average. Injections of PT were begun 
one day after implantation and continued once 
daily for 5 days (7 days in preliminary assay). 
PT was dissolved in peanut oil (1 g/100 ml) 
and given intraperitoneally. Some of these 
mice were also injected subcutaneously with 
glucose in a solution containing 20 ¢/100 ml 
in 0.85% sodium chloride. They were given 
0.8 ml/mouse/day (8 g glucose/kg) always 
one hour before PT. On 8th day after im-. 
plantation of tumor, the mice were again 
weighed and the external diameters of their 
tumors were measured. The tumors were 
then excised, weighed, fixed in formalin, im- 
bedded in paraffin and stained with hema- 
toxylin-eosin for microscopic examination. 

Results. The results of a preliminary as- 
say and of the main experiment are presented 
in Table I. A difference in degree of effect of 
PT between preliminary assay and main ex- 
periment is unexplained. A similar variabil- 
ity is to be found in the data of Clarke et al. 
CL). 

To analyze data from the main experiment, 
that with glucose, measurements of tumor 
weight and body weight, summarized in Table 
I, were transformed into a new metric of re- 
sponse by taking the common logarithm of 
the ratio of each tumor weight to the differ- 
ence between initial and final body weight 
after adding 10 g to the difference to make 
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TABLE I. Effeets of PT in Oil and of Glucose, Separately and in Combination, upon Growth 


of S-180 in Miee. 
oo — 


Avg body wt (g) 


Tumor wt (mg) 
Tumor di- 


> . e,e Eo; ae yet as Seg ee ee eT 
No. of mice ‘Daily treatment Tnitial Final Avg Range ameters (mm) 
Preliminary assay 
5 50 mg PT/kg 222 126-317 8.7 
3 25 mg me 348 334-354 a0 
3) 12.5 mg 406 217-645 10.5 
5 No treatment 455 274-578 LOL 
Main experiment 
10 50 mg PT/kg + 18.0 13.2 51 21- 94 5.3 
.8 ml glucose 
10 50 mg PT/kg 18.0 13.2 79 31-122 5.6 
10 -8 ml glucose + 18.2 18.9 450 297-734 10.4 
-1 ml oil 
10 No treatment 18.8 19.6 481 195-835 10.5 


it always positive. Transformation was used 
to produce an approximately additive metric 
of response adjusted for any general change in 
body weight. Thus effects on both tumor and 
body weights were included in a single nu- 
merical evaluation; the common alternative 
is to list them separately. Total variation in 
this new metric of response was analysed 
into 4 parts: one part due to the effect of glu- 
cose, another to PT, a third to interaction of 
glucose and PT, and a residual due to uncon- 
trolled sources of variation. There was found 
a probability of about 7 in 8 that injections 
of glucose and peanut oil per se had an effect 
on tumor weight. Inhibition of another tu- 
mor by glucose has been observed by Bass 
and Feigelson(7). PT as expected had a 
great effect. Alteration of the effect of PT 
by glucose was slight, with a probability of 
about 1 in 5 that the observed alteration was 
due to chance alone. 

Microscopic examination of neoplasms from 
mice injected with PT revealed little differ- 
ence in cellular structure of those from mice 
which had also received glucose, as compared 
with those from mice that had not; the latter 
showed more necrosis and less differentiation 
of cellular elements. Neoplasms from mice 
not given PT exhibited greater pleomorphism 
and mitotic activity, together with more fre- 
quent areas of necrosis. No appreciable ef- 
fects of injections of glucose and oil without 
PT were seen. 

Discussion. That the effectiveness of glu- 
cose in altering the action of PT was not 


greater might be explained in many ways. 
For example, perhaps glucose injections pro- 
duced only slight increase in tumor acidity. 
This could have been because the tumors were 
somewhat acid initially, or alternatively be- 
cause acid failed to accumulate in them. 

An initially acidic condition could have 
been caused by prolonged hyperglycemia due 
to PT. The only other triazene tested for 
effect on blood sugar, N-p-chlorophenyldiazo- 
thiourea, has been shown to produce pro- 
longed hyperglycemia in rats(8). Hyper- 
glycemia was looked for following injection of 
PT into each of 6 mice with tumors and 4 
mice without. On the day following tumor 
implantation, tail blood was taken, either PT 
in peanut oil or the oil alone was injected in- 
traperitoneally, and blood was again taken at 
1 and at 2 hours after injection. This pro- 
cedure was repeated with the same mice on 
the 2 following days; mice without tumors 
were tested only once. Samples of 0.020 ml 
of blood were obtained, and sugar was meas- 
ured by Nelson’s method(9). Analysis of 
total variation in these data into 18 parts, 
each associated with the various conditions of 
the experiment, revealed no source of varia- 
tion with as much as a 10 to 1 probability of 
being the result of anything but chance. Al- 
most inappreciable alteration of blood sugar 
by PT, about 2 mg/100 ml of blood, was. 
found. 

Another explanation of the ineffectiveness 
of glucose might be that absorption of PT was 
too slow to permit its reaching the tumor at 
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TABLE II. Recovery of PT and of Peanut Oil 
from Abdominal Cavities of Mice following Intra- 
peritoneal Injection, with and without Injection of 
Glueose, One Hour Prior to Injection of PT in Oil. 


Timefrom %ofinj. % of inj. 
inj.of PI to PT re- oil re- 
killing (min.) covered covered 


Without inj. of glucose 


1 61 94 
2 68 93 
6 50 79 
60 4 63 
60 6 77 
60 15 68 
60 19 31 
61 2 56 
With subcut. inj. of glucose 
35 24 75 
38 26 30 
We 4 62 
92 3 70 
120 2 44 
120 5 12 
With intraper. inj. of glucose 
59 ie 101 
60 30 88 
60 72 100 
61 12 91 


the time tumor acidity was increased. Be- 
cause no facts concerning the fate of PT in 
the body were known, a simple analytical 
technic based upon ultraviolet spectra was 
originated. With it, rate of disappearance of 
the 50 mg/kg dose of PT in peanut oil from 
the abdominal cavity was measured after its 
intraperitoneal injection. The mice were 
killed by withdrawal of blood from the heart, 
or by evacuating the air from a chamber in 
which they were placed. The abdominal cav- 
ity was rinsed with 40 ml of iso-octane fol- 
lowed by 2 ml of 1.2% aqueous sodium bicar- 
bonate solution. The washings were shaken 
in a bottle for 10 minutes in darkness to insure 
extraction. The optical densities of the iso- 
octane solutions at 302 and at 240 mw were 
measured. From these measurements the re- 
covery of PT and of peanut oil, respectively, 
were calculated. Similar extracts from unin- 
jected mice showed negligible optical densi- 
ties (less than 0.03) at these wave lengths. 
The data (Table IL) indicate rapid disap- 
pearance of PT and slow disappearance of oil 
(the estimated half time was 60 minutes) 
from the abdominal cavities of mice other than 
those injected intraperitoneally with glucose. 


As to the latter, the disappearance of both PT 
and oil was slow and variable. Because of 
both these findings, intraperitoneal glucose 
injections were not used in the main experi- 
ment. Blood samples of 1 ml contained too 
little PT for measurement by the technic 
noted in the preceding paragraph. 

Microscopic observation, using a simple, 
possibly novel, histochemical technic, con- 
firmed the supposition that intact PT may 
reach tumor cells. Appearance of PT in ap- 
preciable concentrations in liver and, a little 
later, in tumors, was demonstrated within 15 
to 30 minutes after intraperitoneal injection 
of doses of 200 to 500 mg PT in oil/kg. This 
was done by treating frozen sections with 1% 
aqueous N-(1-naphthyl)-ethylenediamine di- 
hydrochloride and NV hydrochloric acid. Tri- 
azene promptly hydrolyzed and the diazonium 
ion then coupled to yield dyes. These stained 
the nuclei purple and the cytoplasm orange 
with cherry-red granules. Squamous epi- 
thelium of skin treated in the same way 
stained similarly. These experiments are the 
only known demonstration of the catalysis of 
triazene decomposition by acid in tissues. 

Summary. The effects of intraperitoneal 
injections of 3,3-dimethyl-1-phenyltriazene 
dissolved in peanut oil and of subcutaneous 
injections of glucose, separately and in combi- 
nation, upon growth rate of Sarcoma 180 in 
mice were measured. The triazene markedly 
depressed tumor growth. This effect was only 
slightly altered by injections of glucose. Glu- 
cose itself had a slight effect upon tumor 
growth. The triazene disappeared rapidly 
from the abdominal cavity. By acidification 
and coupling with N-(1-naphthyl)-ethylene- 
diamine, it could be demonstrated in tissue. 
Triazene injections were without effect on 
blood sugar. 
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. Influence of Biliary Duct Ligation on 
Serum and Tissue Copper.* 


(24249) 


H. Dempsey,t G. E. Cartwricht AND M. M. WINTROBE 
Department of Medicine, University of Utah College of Medicine, Salt Lake City 


In both man(1,2) and dogs(3), the most 
important excretory route for copper is 
through the biliary system. However, no de- 
tailed studies have been performed in animals 
to determine the influence of ligation of bile 
ducts on tissue copper. The purpose of this 
paper is to present the results of studies on 
tissue and serum copper in rats with ligated 
bile ducts. Although normal serum copper 
values have been observed in swine and dogs 
with obstruction to outflow of bile(3), hyper- 
cupremia has been observed in patients with 
biliary cirrhosis(4). Copper accumulates in 
livers of patients with cirrhosis of the liver 
and associated cholangiolitis, but not in livers 
of most patients with uncomplicated cirrhosis 
(5). In one patient with primary biliary cir- 
rhosis, an amount of copper (426 mg) was 
found in the liver, which was in excess even 
of that usually observed in livers of patients 
with Wilson’s disease(5). Several investi- 
gators(2,6) have observed that a smaller pro- 
portion of intravenously administered radio- 
active copper is excreted in stools of patients 
with Wilson’s disease than in stools of normal 
subjects. It has been suggested that the ex- 
cessive deposition of copper in tissues may be 
due to impaired biliary excretion of copper 
(6). Therefore, it seemed of interest to de- 
termine if impairment of the outflow of bile 
in animals would be accompanied by excessive 
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deposition of copper in the liver, brain and 
kidneys. 

Methods. Adult male rats of Sprague- 
Dawley strain, 150 to 200 g in weight, were 
used. The animals were grouped into units of 
3 of the same weight. One animal in each 
unit, designated as “bile duct-ligated,’ was 
anesthetized with sodium ‘Nembutal’ solu- 
tion given intraperitoneally. The common 
bile duct was located through a paramedian 
incision, ligated in 2 places, and sectioned be- 
tween the ligatures. A careful search was 
made for accessory ducts. When these were 
found, they were also ligated and sectioned. 
The second animal in each unit, designated as 
“sham-operated,” was treated in a similar 
manner except that the bile duct was not li- 
gated or sectioned. The third animal in each 
unit, designated as “‘control,’ served as a 
dietary control. Bile duct ligation impaired 
the appetite of rats. To maintain dietary in- 
take of copper at as constant a level as pos- 
sible, the “bile duct-ligated” animal in each 
unit was offered 25 g of diet daily. On the 
following day, the uneaten portion of the diet 
was weighed and an amount equal to that con- 
sumed by the rat was fed to the ‘“‘sham-oper- 
ated” and “control” animal of that unit. Com- 
position of diet was as follows (g/kg): casein, 
200; sucrose, 640; lard, 110; sodium chloride, 
6.75; magnesium carbonate, 4.25; monopo- 
tassium phosphate, 2.85; calcium phosphate, 
23.15; potassium chloride, 3.35; potassium 
iodide, 0.1135 calcium carbonate, 8.45; fer- 
ric pyrophosphate, 1.05; copper sulfate, 
0.011; manganese chloride, 0.01; zinc oxide, 
0.0008; cobalt chloride, 0.008; and choline 
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TABLE I. Mean Values for Serum, Liver, Kidney and Brain Copper in ‘‘Control,’’ ‘‘ Bile 
Duet-Ligated’’ and ‘‘Sham-Operated’’ Rats. 


Length of Serum Liver Kidney Brain 

observa- No. of copper, copper COVper copper 
Group tion, wk animals ug /100 mi ——-—- — _pg/total organ ———— 
Control 2 & 4 25 US) 227 28.0 + 10.0 2 letea Di 4.2 +1,14 
Sham-operated 2 12 128 + 25 29.0 + 10.4 8.5 + 2.0 456-32 
Idem 4 12 143 + 31 37.00 + 9.6 15.0 + 6.0 41+ .64 
Bile duct-ligated 2 14 ilgby« 23.3 + 10.2 9.06.2 4.04 .43 
Idem 4 11 273 +100 82.0 + 29.2 29.0 + 7.0 4.34 .22 


Figures refer to mean + one stand. dey. 


chloride, 2.3. Vitamins were added to the 
diet as follows (mg/kg): thiamine hydro- 
chloride, 12.5; riboflavin, 6; nicotinic acid, 
60; pyridoxine hydrochloride, 10; calcium 
pantothenate, 25; inositol, 5; para-amino ben- 
zoic acid, 5; pteroylglutamic acid, 15; Vit. E, 
7.6; and Vit. K, 7.6. In addition, 23,000 
units of Vit. A and 4250 units of Vit. D were 
added to 1 kg of diet. Following successful 
ligation of bile ducts, progressively deepening 
icterus of the ears, nose, and skin of animals 
was noted within 4 days. Animals which did 
not show a significant degree of jaundice in 
this period of time were excluded. Severely 
ill animals together with their controls were 
sacrificed during the 2nd week of the experi- 
ment. The remainder of the animals were 
killed during the fourth week. The animals 
were anesthetized with ether and exsangui- 
nated via the abdominal aorta. The liver, kid- 
neys and brain were removed, rinsed with cop- 
per-free water, weighed and stored in the 
frozen state. Methods for estimation of se- 
rum(7) and tissue copper(5) have been 
described previously. 

Results. The results are summarized in 
Table I. Values for serum, liver, kidney and 
brain copper in the “control” group 2 weeks 
after beginning of experiment were the same 
as after 4 weeks. Therefore, all of animals in 
the “control” group, regardless of time of sac- 
rifice, were analyzed as one group. 

Serum copper values in the “bile duct- 
ligated” group increased significantly after 2 
weeks as compared with “control” and “sham- 
operated” groups. However, liver, kidney and 
brain copper values were not significantly dif- 
ferent at this time from mean values in the 2 
other groups. (P=0.1). Nevertheless, by 
the fourth week, the amount of copper in liver 


* Mean of 7 sera which were pooled. 


and kidney was markedly increased as com- 
pared with both ‘“‘control” and “sham-oper- 
ated” rats (P = <0.01). At no time was a 
significant increase in brain copper observed. 

Discussion. Under conditions of these ex- 
periments, obstruction to the outflow of bile 
was associated with excessive deposition of 
copper in serum, liver, and kidneys. Since 
the biliary system is the main excretory route 
for copper(1-3), the most logical explanation 
for these changes is that copper was retained 
because excretion of this element was im- 
paired. It has been shown in dogs that when 
excretion of copper via the bile is impaired, 
excretion of copper by the kidneys increases 
(3). Therefore, it is not surprising that de- 
position of copper occurred in the kidneys. 

In rats and man(4,5), but not in dogs and 
swine(3), obstruction to outflow of bile is 
associated with hypercupremia. The reason 
for these differences is not apparent. It 
would be helpful to know if hypercupremia in 
rats and man is due to increase in ceruloplas- 
min or due to increase in direct-reacting frac- 
tion of serum copper(8). Unfortunately, the 
direct-reacting copper fraction cannot be 
measured in the presence of jaundice. 

It is interesting that although copper was 
deposited in liver and kidneys of rats with li- 
gated bile ducts, no deposition of copper was 
observed in the brain. Thus, distribution of 
deposited copper differed from that in Wil- 
son’s disease(9). It would have been desirable 
to maintain animals for a longer period of 
time with the bile ducts ligated. However, 
this was not possible since the animals would 
not have survived under these conditions for 
more than one month. 

It has been suggested that excessive deposi- 
tion of copper in tissues of patients with Wil- 
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son’s disease is due to formation of abnormal 
proteins in tissues which have a high avidity 
for copper(10,11). Such a mechanism does 
not appear to be necessary for excessive de- 
position of copper in the liver and kidneys of 
animals with bile ducts ligated or in animals 
fed a high copper diet (12). 

Summary. Ligation of the bile ducts of 
adult male rats was followed by hypercupre- 
mia and deposition of copper in liver and kid- 
neys, but not in the brain. 
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Relation Between Structure of Sulfonylurea Compounds and their Effect on 


Frog Muscle Metabolism.* 


(24250) 


D. R. H. GourLEy 


Department of Pharmacology, University of Virginia Medical School, Charlottesville 


Two sulfonylurea compounds, carbutamide 
and tolbutamide,t have been studied exten- 
sively as hypoglycemic agents. Although in 
normal dogs, rats and toads the 2 compounds 
are equally effective in reducing concentration 
of glucose in blood(1), they differ markedly 
from each other and from insulin in their ef- 
fect on in vitro metabolism of intact frog 
muscle(2). Carbutamide (R = NHz» in 


* This investigation was supported in part by 
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Energy Com. 
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boxyphenylsulfonylurea was a gift of Dr. L. H. Louis, 
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Fig. 1) inhibits oxygen consumption of frog 
muscle to a small but significant degree, as 
does the same concentration of sulfanilamide. 
Tolbutamide (R — CH in Fig. 1), on the 
other hand, greatly stimulates oxygen con- 
sumption of muscle due to increased produc- 
tion of lactate from muscle glycogen. The 
fact that these compounds differ only in part 
of molecule labeled R in Fig. 1, suggested that 
the difference in effect on muscle was due to 
the type of substitution on the R position of 
the molecule. To investigate this possibility, 
similar experiments were done with a series 
of sulfonylbutylurea compounds which differ 
only in the R position in Fig. 1. 

Methods. Oxygen consumption of intact 


a Va 2 
R S— NH-C—NH-CH)—CH)—CHy—CH, 


FIG. 1. Structural formula of the para-substituted 
sulfonylbutylurea compounds. 
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TABLE I. Effect of Sulfonylbutylurea Compounds with Different Substitutions in the para 
Position of the Ring on Oxygen Consumption of Frog Muscle in Vitro. 


No. of O, consumption, wM/g/hr 

Substitution Cone.,mM muscle pairs Control Exp. Difference, To 
NH,- 7.5 12 1.18 + .03 1.08 + .04 te 
Nothing 7.5 6 1.18 + .05 1.35 + .08 +a14* 
CH,-O- 7.5 6 1.01 +708 1.22 + .07 + 21* 
COOH- 7.5 9 Wet oll 1.42 + .05 + 2 
CH,- 7.5 12 1.33 + .06 3.75 + .B4 +182+ 

10 15 1.31 + .04 6.65 + .32 +408t 
CH,-CH,- 2.25 6 1.15 + .06 5.15 + .69 +348 t 
(CH3).-CH- 90 6 TAG eE08 3.97 + .34 +234t 
(CHs)¢-C- 54 6 1.26 + .07 4,56 + .20 +262t 


* Significant at 5% level. 


muscles dissected from legs of the Leopard 
frog, Rana pipiens Schreber, was measured in 
a Warburg respirometer at 20.0 + 0.02°C 
over 6 hours as described previously(3). The 
iliofibularis and tibialis anticus longus mus- 
cles from one leg were placed together in 
Ringer’s solution to serve as controls while 
the 2 corresponding muscles from the opposite 
leg of same animal were placed in Ringer’s so- 
lution in which the compound under study 
was dissolved as sodium salt. 

Results. Increased rate of oxygen con- 
sumption caused by tolbutamide is considered 
from previous work(2) to be due to oxida- 
tion of excess lactate. The lactate appearing 
in muscle and later in medium results from 
increased breakdown of muscle glycogen. 
Muscle glycogen and concentration of lactate 
in the medium at end of incubation period 
were also determined routinely, and increased 
oxygen consumption coincided with decreased 
glycogen and increased lactate in the muscle. 
Since measurement of oxygen consumption 
rate provides an accurate and sensitive meas- 
urement of the primary effect of the com- 
pounds, only these data are presented. 

The results are summarized in Table I in 
which average hourly rate of oxygen consump- 
tion is given in pmoles/g wet weight of tissue. 
The molecular group substituted in the R 
position of the sulfonylbutylurea molecule in 
Fig. 1 is listed in the first column. The data 
obtained previously(2) with carbutamide (R 
= NHs) and tolbutamide (R = CHs) are 
included for comparison. At a concentration 
of 7.5 mM tolbutamide rate of oxygen con- 
sumption rose within 3 hours to an average 


t Significant at 0.1% level. 


of 182% of control level, and this new rate 
was maintained for the remainder of the 6- 
hour incubation period. In 10 mM tolbuta- 
mide oxygen consumption stimulation was 
much greater but concentrations of tolbuta- 
mide higher than 10 mM were deleterious to 
muscles, and the increased rates of oxygen 
consumption were not maintained through- 
out period of observation. Therefore, com- 
parison of effects of different compounds on 
oxygen consumption was made at concentra- 
tions of 7.5 mM or less. 

The sulfonylbutylurea molecule with no 
substitution at position R increased oxygen 
consumption rate only slightly compared with 
tolbutamide at the same concentration. Simi- 
larly, when a methyl group is connected to 
the molecule through oxygen (R — CHs3-O) 
instead of directly as in tolbutamide, or when 
a carboxyl group is connected to the molecule 
(R = COOH), the effect on oxygen consump- 
tion is relatively small or absent. The nega- 
tive result with the carboxyl analog (1-butyl- 
3-p-carboxyphenylsulfonylurea) is of interest 
because Louis, Fajan, Conn, Struck, Wright 
and Johnson(4) found that this compound is 
the principal metabolic product formed when 
tolbutamide is administered to humans. The 
carboxyl analog does not produce hypogly- 
cemia in dogs, rats or humans. However it 
cannot be concluded that the effect of tolbu- 
tamide on frog muscle metabolism is related 
to its hypoglycemic effect im vivo, since car- 
butamide had no effect on frog muscle glyco- 
gen (by direct analysis) although it, too, is 
an effective hypoglycemic agent. 

The compound with an ethyl group in the 
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R position of Fig. 1 is very effective in stimu- 
lating oxygen consumption. In fact, to avoid 
deleterious effects to the muscle, the concen- 
tration of this compound had to be lowered 
to 2.25 mM. The effectiveness of the mole- 
cule increased when the substituted group was 
changed to either isopropyl or tertiary butyl 
and the concentrations of these compounds 
also had to be decreased to avoid deleterious 
effects to the muscle. By making rough ap- 
proximations from the data in Table I the 
relative potencies of the 4 effective substitu- 
tions on the sulfonylbutylurea molecule are 
estimated to be: methyl, 1; ethyl, 4; isopro- 
pyl, 8; tertiary butyl, 16. The relative effect 
of these compounds on blood glucose level of 
frogs is not known. 


It has been known for many years that caf- 
feine, like tolbutamide, stimulates glycolysis 
in frog muscle with consequent lactate accu- 
mulation and extra oxygen consumption(5, 
6). Fenn(7) concluded that oxygen con- 
sumption stimulation was correlated with con- 
tracture of the muscle caused by caffeine. To 
determine whether tolbutamide is a contrac- 
ture-producing agent like caffeine, experi- 
ments were done in which a tibialis anticus 
muscle was suspended in 7.5 mM _tolbuta- 
mide-Ringer’s solution from a carefully bal- 
anced heart lever to magnify any change in 
length of muscle. The opposite muscle from 
the same frog was similarly suspended in 
Ringer’s solution. Muscle length was re- 
corded at beginning of immersion and at in- 
tervals for 6 hours and no change in length 
was observed in either solution. This simple 
experiment strongly suggests that the meta- 
bolic activity initiated by the effective sul- 
fonylbutylurea compounds occurs without 
mechanical change in muscle, and in this re- 
spect their action differs from that of caffeine. 
There is evidence that increased metabolic 
activity of frog muscle in a concentration of 
10 mM potassium also occurs without accom- 
panying contracture(8). 

It is not known whether the effect of the 
caffeine molecule on oxygen consumption of 


frog muscle is related to addition of the me- 
thyl groups to the xanthine nucleus. How- 
ever, recalculation of Gemmill’s data(9) on 
the effect of Il-substituted theobromine deriva- 
tives on oxygen consumption of rat diaphragm 
muscle indicates that, in general, as the car- 
bon chain attached to theobromine increased, 
the molar concentration required to stimulate 
the oxygen consumption by about 30% de- 
creased. Thus it appears that addition of 
methyl groups in a chain to theobromine also 
increases the effectiveness of this compound 
in stimulating muscle metabolism. 

Summary. The effect of sulfonylbutylurea 
derivatives on frog muscle metabolism de- 
pends upon the molecular group substituted 
on the benzene ring para to the main chain of 
the molecule. Substitution of an amino group 
produces an inhibitory compound; absence of 
any group or substitution of either a methoxy 
or a carboxyl radical produces a compound 
with little or no effect. Substitution of a 
methyl, ethyl, isopropyl or tertiary butyl 
radical produces compounds that are increas- 
ingly effective in stimulating glycolysis and 
oxygen consumption. These effects are simi- 
lar to those caused in frog muscle by caffeine 
although, unlike caffeine, the sulfonylbuty- 
lurea derivatives apparently exert their effects 
without causing contracture. 
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Influence of Endocrine Glands on Radiation-Induced Hyperpigmentation 


in Mice.* 


(24251) 


WatteErR C. QuEVEDO, JrR.f AND Doucras E. SMITH 


Division of Biological and Medical Research, 


When pigmented mice are exposed to 
gamma radiation, the skin of extremities be- 
comes progressively darkened(1). This hy- 
perpigmentation results from increased de- 
position of melanin within the epidermis by 
epidermal melanocytes(1,2,3). Although hor- 
mones are known to play a role in regulation 
of mammalian pigmentation(4,5), the extent 
to which radiation-induced darkening may be 
dependent on their action is not known. The 
present study was designed to test the possi- 
bility of an endocrine-radiation interaction 
‘during hyperpigmentation. The hormonal 
balance of mice was varied either by surgical 
removal of specific endocrine glands prior to 
irradiation or by introduction of supplemen- 
tary doses of hormones into intact animals 
concurrent with irradiation. 


Materials and methods. C57BL (black) 
and LAF, (brown) mice 3 to 6 months old of 
both sexes were used. All mice were exposed 
for the duration of life to gamma rays from 
a Co* source(6) and received total body doses 
of either 97 r/day or 125 r/day (measured in 
air without scatter). Pigmentation changes 
were studied in plantar surfaces of hind feet. 
An arbitrary grading system was used to 
measure pigment increase; grades ranged 
from 0, for no signs of darkening, to +++, 
the maximum grade, characterized by intense 
darkening of foot pads and by darkly pig- 
mented bands on phalanges. Development of 
radiation-induced hyperpigmentation was 
studied in 5 groups of mice (approximately 
equally divided as to sex and strain) treated 
as follows: I. 50 mice, intact, irradiated 
(controls). II. 33 mice, castrated 3 weeks to 


* This work was performed under auspices of U. S. 
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3 months prior to exposure to radiation. II. 
20 mice, adrenalectomized 1 to 3 days prior to 
irradiation and maintained on 0.9% aqueous 
solution of NaCl following removal of adrenal 
glands. IV. 54 mice, given intramuscular in- 
jections of cortisone acetate (Merck) daily 
(0.625 mg/day to 6.0 mg/day), beginning 
with first day of irradiation. V. 24 mice, 
given subcut. injections of ACTH (Cortico- 
tropin-gel, Wilson) daily (1 to 4 U.S.P. units/ 
day), beginning with first day of irradiation. 
Two additional experiments were performed 
to test for other possible endocrine-radiation 
interactions during hyperpigmentation. Six 
NIH Black rats of both sexes were hypophy- 
sectomized at 21 to 30 days of age. One to 
2 weeks later, the animals were exposed to 200 
r of 100-kvp X-rays, rats being lead-shielded 
so that only the right hind feet were irradi- 
ated. Thereafter they were irradiated in the 
same manner once a week for 7 weeks. Four 
intact controls were similarly exposed. 
Twelve mice of both strains and sexes were 
castrated 3 weeks prior to irradiation and ex- 
posed on plantar surfaces of feet to UV (G. E. 
Sunlamp: 110-125 V, 275 W, 60 Cycle, A.C.) 
for 2 minutes and 15 seconds on each of 16 
consecutive days. Specimens of skin were ob- 
tained from feet of representative animals of 
all groups. These were fixed in a modified 
Tellyesniczky’s solution. Paraffin sections 8 
to 10 » thick were made following routine his- 
tological procedures. Sections were stained 
with 2% aqueous solution of alum carmine. 
A number of whole-mount preparations of 
skin, prepared by the method of Smith and 
Lewis(7), were also examined. 


Results. In control mice exposed to 97 r/ 
day or 125 r/day of y-rays, regardless of strain 
or sex, definite hyperpigmentation (+ grade) 
was observed in plantar surfaces of feet by 
ninth day of exposure; a + + grade was evi- 
dent by eleventh day and +++ grade be- 
tween 19th and 25th day. Both castration 
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PIG. 1. Hind feet of control (a) and hypophysectomized (b) NIH Black rats after partial- 


body x-irradiation (200 r/wk) for 7 wk. Note intense hyperpigmentation of irradiated feet 
(arrows) and absence of darkening in shielded feet. 


and adrenalectomy failed to modify develop- 
ment of radiation-induced hyperpigmentation. 
Similarly, irradiated mice treated with ACTH 
darkened at the same rate as controls. In hy- 
pophysectomzed rats, hyperpigmentation was 
observed in the irradiated feet by second week 
of exposure and increased in intensity there- 
after. No obvious differences in intensity of 
coloration were apparent between irradiated 
feet of hypophysectomized and control rats 
(Fig. 1). The nonirradiated appendages of all 


animals failed to darken (Fig. 1). 

In contrast, daily injections of cortisone 
acetate produced a striking suppression of 
darkening in intact, irradiated mice. In LAF, 
mice, doses of from 2.5 to 6.0 mg/day of cor- 
tisone produced the greatest inhibition of hy- 
perpigmentation (Table I). The minimum 
daily dose of cortisone (0.625 mg/day) pro- 
duced little to no inhibition of pigmentation. 
Although LAF, mice receiving 3 mg/day of 
cortisone showed no pigment increase (Table 


TABLE I. Hyperpigmentation in Feet of Gamma Irradiated LAF, Mice Treated Daily with 
Cortisone. 


Cortisone, Grades of 


mg/day pigmentation 0-8 

. S660 #0 100 (21) 
ie 0 
cone 0 
+++ 0 

1.25 0 100 (15) 
ae 0 
++ 0 
sea 0 

625 0 100 (6) 
su 0) 
44 0 
+++ 0 

000 0 100 (15) 
de 0) 
+4 0 
+++ 0 


Figures preceding parentheses indicate % of mice examined that exhibited grade of pigmen- 
n parentheses represent total No. of mice examined at each tir 


tation shown. Figures withi 


interval. Decreasing numbers of observations with increasing time refle 


mice in previous time interyals, 


Duration of exposure (days) 


9-10) 11-15 16-18 
100 (7) 100 (5) No sury, 

0 Q) 

0) 0 

(0) 0 

60 (15) 0 (14) 0 (3) 
40 86 67 

0 14 53 

(0) 0 0) 

0 (6) 0 (3) 0 (2) 
100 3 0 

0) 67 100 

0) i) 0) 

0 (15) 0 (15) 0 (15) 
100 (0) 0 

0 100 100 


ne 
t death or saerifice of 
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I), examination of whole-mount preparations 
of skin from these animals revealed that me- 
lanin formation had not been completely in- 
hibited. The effects of cortisone on irradiated 
C57BL mice were quite similar to those ob- 
served in LAF, mice. Both adrenalectomy 
and treatment with cortisone (1.25 to 6.0 mg/ 
day) brought about an early mortality of ir- 
radiated mice, the majority dying prior to 
nineteenth day of exposure. Only rarely did a 
control mouse die within this period. 


Daily exposure of mice to UV brought 
about a darkening of plantar surfaces of feet. 
The response was identical in castrate and 
control mice however, a pronounced strain 
difference was evident. Darkening was ob- 
served in C57BL mice by sixth day of ex- 
posure and not until the eighth day in LAF, 
mice. In addition, LAF; mice did not sur- 
pass a pigmentation grade of + during the 
16 day period, whereas C57BL mice achieved 
a grade of +-+ + by the twelfth day of ex- 
posure to UV. 


Histological studies revealed that all in- 
stances of hyperpigmentation resulted from 
increased numbers of melanotic epidermal 
melanocytes and increased deposition by these 
cells of melanin within the epidermis. Only 
an occasional melanotic epidermal melano- 
cyte was observed in skin from nonirradiated 
controls. Comparisons of pigment content in 
sections and whole-mounts of skin correlated 
well with pigmentation grades based on gross 
examination of plantar surfaces. 


Discussion. The present results indicate 
that radiation-induced hyperpigmentation 
may occur in the absence of hormonal con- 
tributions by hypophysis, gonads, and adre- 
nals. This is of interest in view of previous 
observations that hormones derived from 
these glands play an important role in regula- 
tion of mammalian pigmentation. It has been 
reported that melanophore-stimulating hor- 
mone (MSH) derived from the hypophysis 
elicits hyperpigmentation in humans(4), and 
that adrenocortical hormones suppress pig- 
mentation in humans(4), rats(8) and ham- 
sters(9), and enhance pigmentation in the 
guinea pig(10). It has been suggested that 
hormones of the adrenal cortex suppress pig- 


mentation by inhibiting release of MSH from 
the hypophysis(4). In the present study, the 
inhibition of pigment formation observed in 
irradiated mice treated with cortisone might 
have resulted from direct action on the me- 
lanocytes or indirect action by suppressing re- 
lease of essential pituitary hormones. The 
demonstration of abundant hyperpigmenta- 
tion in irradiated hypophysectomized rats 
would appear to support the former interpre- 
tation. Failure of ACTH to inhibit pigment 
formation is surprising since ACTH promotes 
release of cortisone-like compounds from the 
adrenal cortices. Possibly the employed doses 
of ACTH were insufficint to promote release 
of amounts of cortical hormones adequate to 
produce an inhibition. It is also possible that 
rapid inactivation of ACTH(11) or con- 
tamination of ACTH preparations by other 
hormones(12) would account for its ineffec- 
tiveness in suppressing pigment formation. 
Failure of castration to influence develop- 
ment of hyperpigmentation in irradiated mice 
indicates that species differences may exist in 
this regard, since male and female human 
castrates have been reported to tan but poorly 
when exposed to ultraviolet light(5). No de- 
finitive explanation can be given at present 
for failure of LAF, mice to tan significantly 
on exposure to UV in contrast to the marked 
hyperpigmentation elicited by gamma irradi- 
ation. It is possible in both cases that the 
differences in quality of the radiations may 
account for the differences in results. 


It is of interest to note that in preliminary 
experiments diethylstilbestrol suppressed ra- 
diation-induced hyperpigmentation in LAF, 
female mice as did cortisone. This finding is 
in contrast to previous reports of enhanced 
pigmentation in humans(13) and guinea pigs 
(10) treated with this compound. It is quite 
possible that the high daily dose of diethyl- 
stilbestrol (1 mg/day) employed in the pres- 
ent experiments, would account for this dif- 
ference in response. 


Our findings support the view that radia- 
tion-induced hyperpigmentation is largely a 
local phenomenon since pigmentation increase 
was restricted to regions directly exposed to 
radiation. In addition, removal of endocrine 
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glands known to influence pigmentation did 
not significantly alter the occurrence of hy- 
perpigmentation in irradiated mice. How- 
ever, that this process is not entirely refrac- 
tory to hormones is evidenced by inhibition of 
melanin formation in irradiated mice treated 
with large doses of exogenous cortisone or of 
diethylstilbestrol. 

Summary. CS7BL and LAF, mice became 
hyperpigmented in the extremities when ex- 
posed daily to gamma radiation. This process 
was not significantly altered by adrenalec- 
tomy, castration or daily treatment with 
ACTH. Hypophysectomized black rats, X- 
irradiated weekly, developed hyperpigmenta- 
tion at the same rate as controls. Although it 
would appear that induction of hyperpigmen- 
tation by radiations is largely free of endo- 
crine control, daily treatment of gamma ir- 
radiated mice with large doses of cortisone will 
suppress pigment formation. 
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Effect of Various Adrenal Steroids on Internal Fluid and Electrolyte Shifts 


of Fasted Adrenalectomized Dogs.* 
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AND G. WAGLE 
Biological Laboratory, Princeton University, Princeton, N. J. 


Glucocorticoids readily restore to normal 
the markedly disturbed fluid and electrolyte 
equilibria of adrenalectomized dogs exhibit- 
ings severe insufficiency. This is accomplished 
in animals deprived of food and water, by 
hormonal mobilization and shift of fluid and 
electrolytes from cells and certain tissues to 
the dehydrated extracellular (and intravas- 
cular) compartment. Experiments reported 
here indicated that aldosterone and DOC are 


* Acknowledgement is made for financial and other 
valuable aid: Upjohn Co., Ciba Pharmaceutical Prod- 
ucts Co., Merck, Sharp & Dohme, N. J. Heart Assn., 
National Science Fn., and Nat. Inst. of Arthritis and 
Metabolic Diseases, USPHS. Aldosterone was sup- 
plied by Ciba Ltd. of Basle. 


t+ New Jersey Heart Assn. 


incapable of relieving severe symptoms of 
adrenal insufficiency or of inducing internal 
redistribution of fluid and electrolytes in the 
fasted dog. The data suggest tentative as- 
signment of certain functional roles for min- 
eralo- and glucocorticoids in regulatory con- 
trol of salt and water balance. The materials 
and methods used in studies on adrenalecto- 
mized dogs have been adequately described 
(4:2), 

Results. Effect of 2-methyl-9a-fluorohy- 
drocortisone, Aldosterone and Desoxycorti- 
costerone on plasma and urine electrolytes 
and plasma volume of fasted adrenalectomized 
dogs recovering from insufficiency. Ale 
methyl-9a-fluorohydrocortisone (2-methyl FF 
free alcohol). Five dogs were tested and to- 
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TABLE I. Plasma Volume and Hemoconcentration Changes Induced by Mineralo- and Glucocorticoids 
in Adrenaleectomized Dogs Fasted 48-72 Hours during Reeovery from Adrenal Insufficiency. 


Blood 
BP, ureaN, 
mmHg mg % 


Dog No.& Dose, Body 
symptoms mg/day wt, kg 


Hb, g % % 


Plasma vol changes 
(a? Sz a ee 
% inerease 

ee/kg or decrease 


Blood 
RBC sugar, 
10°,mm* mg % 


Hmet, 


2-Methyl FF 


CG) SINT 0 22.91 110 18.1 10.50 30.3 4.34 85.5 51.5 
S l 22.15 47 64.0 16.01 39.3 6.60 75.5 32.2 
M 1 20.79 64 33.2 13.90 37.6 5.08 93.5 39.0 5 
N 5 20.11 92 26.1 11.88 35.4 4.22 94.5 50.3 +56.2 
(2) N 0 15.60 120 24.8 11.82 34.7 5.33 81.5 52.3 
M 1 15.42 70 50.2 15.25 40.0 6.90 90.5 39.3 
N 1 14.50 104 24.6 13.98 37.5 5.28 100.0 52.0 +32.3 
N a) 14.10 119 22.6 11.30 33.2 4.73 107.0 49.8 
Aldosterone 
(oO) N 0 14.85 105 17.0 9.57 26.3 4.11 49.3 
S 4.0 14.29 50 124.0 14.73 38.3 5.47 85.0 36.6 — 25.7 
Death 6 hr after inj. Final sample not taken. 
Aldosterone—Ist 24hr  2-Methyl FF-—48 and 72 hr 
Ci) N 0 24.5 1238 17.1 14.03 38.8 6.23 775 42.4 
Ss 8 23.41 65 64.5 15.438 40.5 7.01 78.0 41.5 
8 2 22.91 68 72.0 15.43 43.2 7.41 67.5 33.6 — 20.7 
N 8* 21.70 85 42.0 13.91 37.4 6.39 101.0 47.4 +41.0 
N 7.5* 21:36 99 41.6 11.48 34.6 5.56 90.5 45.9 
Desoxyeorticosterone—Ist 24hr  2-Methyl FF—48 and 72 hr 
(8) N 0 17.92 122 14.5 14.08 42.0 6.99 76.5 55.2 
M 100 16.22 80 71.5 18.64 47.5 8.88 72.5 38.1 
Ss 25 15.31 60 54.3 16.68 44.4 8.41 86.5 35.6 — 35.5 
N 10* 14.51 88 46.5 14.55 41.6 7.41 95.5 45.9 +28.9 
N LO* 13.95 102 38.4 13.75 40.3 7.15 108.0 
+ = Increase in plasma vol. — = Decrease in plasma vol. 


* 2-Methyl FF inj. iv. in 3 divided doses each 24 hr, 
+ N = Normal (adx but no symptoms). S = Severe insufficiency. M = Mild insufficiency. 


tal dose given varied from 2.5-5 mg/dog. Two 
representative cases are given in Table I. 
Food and water deprivation lasted 48 hours 
and degree of adrenal insufficiency was _ se- 
vere in Dogs 1, 3, 4, but milder in Dogs 2 and 
5 (Tables I and II). All exhibited charac- 
teristic blood changes associated with insuf- 
ficiency: lowered arterial pressure and plasma 
volume, marked hemoconcentration, low 
plasma Na and Cl with elevated plasma K 
and high blood urea nitrogen. Following in- 
jection of 2-methyl FF these deviations from 
normal were corrected in spite of lack of food 
and water. The rise in plasma Na averaged 
11.0 meq/l and range was from 3.5 to 13.5 
meq/l. Plasma Cl also but not to 
the same extent, whereas plasma K declined 
2.99 meq/l during recovery period (Table 
Il). A profuse diuresis began shortly after 
injecting the steroid, with renal elimination of 
large amounts of Cl and K but much less Na. 


rose 


The quantity of K excreted amounted to 135 
meq within 48 hours in Dog 1 (Table II). 
A marked increase in plasma volume occurred 
in all cases. Progressive decrease in arterial 
pressure characteristic of insufficiency, and 
elevation during recovery are apparently due 
chiefly to fall and rise in plasma volume 
(Table I.) 

B. Aldosterone. Fourteen mg of synthetic 
d, l-aldosterone 21-monoacetate were avail- 
able. The material was solubilized by the 
method previously described for other ster- 
oids(1,2), and administered i.v. in divided 
doses. Two adrenalectomized dogs were used 
when they had developed severe insufficiency 
(Table I). Dog 6 was injected with 4 mg of 
aldosterone, given in 2 doses of 2 mg over a 
6 hour period. No improvement in the ani- 
mal’s condition was observed and death oc- 
curred 6 hours after initiating treatment. Dog 
7 was then tested, using 10 mg of aldosterone 
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TABLE II. Effect of Mineralo- and Glucocorticoids on Plasma and Urine Electrolytes of 
Fasted Adrenalectomized Dogs during Recovery from Adrenal Insufficiency. 


Plasma electrolyte changes 


Total urine Urine electrolytes excreted 


during fast, meq/1 output dur- during recovery, meq 
J Total : = ———— ingreeovery  °©3.—— —————__,, 
Dog No. dose,mg Na Cl K period, ce Na Cl Kg 
2-Methyl-9 alpha-fluorohydrocortisone 
- 2.5 +13.5 Ss — 4.93 1175 37.46 107.52 135.45 
2 2.5 +12.5 +2. — 2.94 900 15.07 46.50 52.91 
3 5.0 +12.0 +8.2 — 2.42 1035 7.27 18.29 76.45 
4 2.5 +11.5 +1.8 — 2.87 931 2.50 35.70 68.09 
5 4.0 + 5.5 +4.2 -1.79 920 4.80 16.00 65.02 
Aldosterone—0 to 6 hr (death) 
6 4.0 — 3.0 — 8.4 +4.84 0 — — cad 
Aldosterone—0 to 24 hr 
7 10 + 2.5 = .6 =k 442 3.70 6.42 21.26 
2-Methyl-9 alpha-fluorohydrocortisone—24-72 hr 
17.5 +11.8 + — 1.67 811 6.55 24.29 104.01 
Desoxycorticosterone—0 to 24 hr 
8 125 + 7.0 +2.0 — 3.10 605 3.93 6.20 21.63 
2-Methyl-9 alpha-fluorohydrocortisone—24-72 hr 
20 + 6.0 +9.5 + .48 1020 10.40 13.83 35.30 


+ = Increase in plasma electrolytes. 


i.v. in divided doses as follows: 4, 2, 2, 2 mg 
given 6 hours apart. The steroid failed to re- 
lieve symptoms which grew steadily worse 
during the 24 hours of medication. At the 
end of this period the dog was very weak and 
spastic and collapsed after removal of blood 
for sampling. It became necessary to inject 
2-methyl FF (15.5 mg in divided doses over 
the ensuing 48 hours of continued starvation) 
to save the animal. The plasma Na rose 2.5 
meq/l under aldosterone treatment but this 
apparent increase was presumably accounted 
for by a 20.7% decline in plasma volume ac- 
companied by renal excretion of 442 cc of 
urine containing very small amounts of Na 
and Cl but larger quantities of K (Tables I, 
Tey: 

Within 24 hours after injecting 2-methyl 
FF the dog was active, vigorous and all signs 
of insufficiency had disappeared. At the end 
of 72 hours of fasting, the arterial pressure, 
plasma volume and hemoconcentration were 
at control levels but blood urea nitrogen re- 
mained elevated (Table I). The plasma Na 
had risen an average of 11.8 meq/] in spite of 
‘a rise in plasma volume of 41.0% and a 
urine output of 811 cc containing 6.55 meq 
of Na and 24 and 104 meq respectively of Cl 


— = Decrease in plasma electrolytes. 


and K (Table II). This dog probably would 
have succumbed as did Dog 6 had it been 
kept on aldosterone treatment and the fast 
continued. Although aldosterone failed to 
raise arterial pressure and plasma volume, or 
to decrease hemoconcentration, blood urea 
nitrogen or otherwise improve the dog’s condi- 
tion, it did induce renal retention of Na and 
Cl and stimulate excretion of K over the 24 
hour period studied (Table II). The Na 
retaining activity persisted over the period of 
observation.+ 

C. Desoxycorticosterone. Tables I and II 
(Dog 8) present the pertinent data obtained 
from a case of adrenal insufficiency treated 
with 125 mg of DOC given i.v.; 75 mg as ini- 
tial dose followed at 8 hour intervals by 25 
mg. Symptoms were not alleviated by this 
regimen and the animal continued to fail. 
Blood pressure and plasma volume remained 
low but blood urea nitrogen fell 17 mg%, 
and some decrease in hemoconcentration took 


‘ Since this article was offered for publication a 
third fasted adex dog could not be revived from 
insufficiency with 20 mg of aldosterone given i.v. in 
divided doses over 42 hours. Internal shift of fluid 
and electrolyte did not occur until glucocorticoid 


was injected. 
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place. Blood sugar rose 14 mg% in Dog 8 
(Table I). This animal excreted 605 cc of 


urine during the 24 hours of DOC treatment 
which contained very small amounts of Na 
and Cl but considerable K (Table IIT). Plasma 
Na rose 7 meq/1 but the rise in Na probably 
was not due to an internal shift of cation 
and water from cells, but presumably resulted 
from the additive effects of renal retention of 
Na plus a sharply reduced volume of extra- 
cellular fluid. Plasma volume diminished by 
35.5% and urine output was 605 cc during 
the interval the Na increased in the plasma. 
Thus DOC behaved like aldosterone in caus- 
ing retention of Na and Cl and excretion of K. 
There was no evidence of an internal fluid and 
electrolyte shift. Treatment of this animal 
with 2-methyl FF restored activity and vigor, 
increased the plasma volume, raised arterial 
pressure to normal and stimulated the kidneys 
to excrete over a liter of urine (Table IJ). 
Evidently large amounts of Na and Cl were 
shifted into the extracellular space since 
plasma Na increased 6 and the Cl 9.5 meq/1 
despite: (1) a rise in plasma volume of 28.9% 
and (2) loss of 1625 cc of fluid as urine dur- 
ing the 72 hour interval of food and water de- 
privation (Tables I, IT). 

Discussion. Considering the amount of 
fluid and electrolyte shifted into the extracel- 
lular compartment during 2-methyl FF treat- 
ment of the fasted dogs, and the lack of capa- 
bility of the adrenal-insufficient animal to 
bring about such a shift in the absence of the 
correct type of corticoid, it is assumed that 
adrenal steroids possessing potent glucocorti- 
coid activity function as homeostatic mechan- 
isms in the salt and water balance of the body 
by enabling the animal to freely transfer fluid 
and electrolyte from one body compartment 
to another. 

Aldosterone was largely, if not entirely de- 
void of those properties necessary to effect 
internal redistribution of fluids and electro- 
lytes in adrenalectomized dogs when food and 
water were withheld during recovery from in- 
sufficiency. The fasted animal succumbs 
unless some type of corticoid containing glu- 
cocorticoid activity is administered. The ac- 
tivity of desoxycorticosterone did not differ 
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essentially from that of aldosterone. Nu- 
merous investigators have shown that aldos- 
terone markedly stimulates renal retention of 
Na(3-7), and also exerts some regulatory 
control over the quantities of this ion elimi- 
nated by such secretory structures as salivary 
glands(8), and probably also tear and sweat 
glands. Hence this natural mineralo-corticoid 
may be primarily concerned with regulatory 
control of the electrolyte pattern of the ex- 
tracellular fluids. Deviations from normal in 
ionic content of these fluids would presumably 
lead to increased or decreased secretion of al- 
dosterone(6,9,10), eventually resulting in re- 
tention or excretion of the offending ion as 
circumstances demanded. 

Summary. Shifts of fluid and electrolytes 
from intra- to extracellular compartments fol- 
low i. v. injection of potent glucocorticoids in 
adrenalectomized dogs deprived of food and 
water during recovery from insufficiency. Al- 
dosterone and desoxycorticosterone medica- 
tion failed to improve symptoms, raise the 
lowered plasma volume or arterial pressure. 
Internal redistribution of water and electro- 
lytes did not occur but renal retention of Na 
and Cl was evident. Possible roles for min- 
eralo- and glucocorticoids in regulatory con- 
trol of salt and water balance are discussed. 
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Influence of Age on Metabolic Activity of Mycobacterium tuberculosis. 


(24253) 


Ricwarp H. Lyon, HERMAN C. LicHusTEIN AND WENDELL H. Harri 
Veterans Administration Hospital, Minneapolis, and the Department of Bacteriology 
and Immunology, University of Minnesota Medical School, Minneapolis 


Metabolic studies of Mycobacterium tuber- 
culosis have been carried out in the main using 
bacterial cells obtained from surface growth 
on a variety of media incubated for 3-5 weeks 
(1-3). This method has the advantage of 
harvesting relatively large numbers of cells 
from small amounts of media, but it has the 
disadvantage of employing tubercle bacilli 
which have passed the logarithmic phase of 
growth. With the introduction of technics 
allowing growth of tubercle bacilli in a sub- 
merged-dispersed condition and the availa- 
bility of high-speed refrigerated centrifuges it 
is no longer a serious problem to harvest bac- 
terial cells from large quantities of media. 
Furthermore, the more rapid rate of growth 
under these conditions permits use of younger 
bacterial cells which may not only be more 
active metabolically than their older coun- 
terparts grown on surface cultures but may 
actually differ in their metabolic pathways. 
Although comparatively little work has been 
reported relating metabolic activity of the 
tubercle bacillus with the age of the culture, 
Loebel, Shorr, and Richardson(4) demon- 
strated that younger cells metabolize more 
actively than older cells. It would appear 
therefore that many investigators have sacri- 
ficed metabolic activity per cell in order to 
obtain improved yields of cells. 

The present study was initiated to investi- 
gate the metabolic activity of M. tuberculosis 
grown dispersed in liquid media and to relate 
the influence of age on this activity. The sys- 
tem chosen was oxidation of lactic acid. In- 
tact cells were employed in order to gain a 
better physiological picture being fully cog- 
nizant of the fact that disrupted cells may be 
of value in future investigations. 

Materials and methods. M. tuberculosis 
strain H37Ra* was used throughout the study 


and was cultured in a submerged-dispersed 
condition employing the medium of Sauton 
(5). Although a wetting agent is ordinarily 
not included in Sauton’s medium, Tween 80t 
(final concentration 0.02%) was incorpor- 
ated in the present study to permit dispersed 
growth of the tubercle bacillus. The media 
were dispensed in liter quantities into 2000 ml 
Erlenmeyer flasks and inoculated with 20 ml 
of a 7 day culture of H37Ra grown in the re- 
spective medium. The cultures were incu- 
bated under stationary conditions at 37°C 
except that the flasks were rotated briefly 3 
times a day throughout the incubation period 
for purposes of aeration. 

The bacterial cells were harvested by cen- 
trifugation, washed twice with distilled water 
and resuspended in the same menstruum to 
give a final concentration of approximately 
10-12 mg dry weight of tubercle bacilli per 
ml. The dry weight was determined either 
by direct weighing of an aliquot of cell sus- 
pension after drying in an oven at 100°C 
for 24 hrs or by an indirect method. This con- 
sisted of interpolation from a previously con- 
structed straight-line graph relating mg dry 
weight of bacterial cells per ml of washed cell 
suspension to % optical transmission at a 
wave length of 600 mp» using the Coleman 
Junior Spectrophotometer. Experimental re- 
sults revealed that the greatest accuracy was 
obtained when the washed cell suspension was 
diluted to a point where the optical transmis- 
sion fell within the range of 40-60%. 

The Warburg constant volume respirome- 
ter was used to measure oxygen uptake of the 
resting cell suspensions. The temperature of 
the bath was adjusted to 37°C and the shak- 
ing rate to 140 strokes per min. The main 
compartment of the Warburg vessel contained 
phosphate buffer, bacterial cell suspension and 


* Obtained from the U. S. Public Health Service, 
Communicable Disease Center, Chamblee, Ga. 


+ Polyoxyethylene sorbitan monooleate produced 
by the Atlas Powder Co., Wilmington, Del. 


80 Merasotic Activity oF M. tuberculosis 


6.0) 659) 7,0pe= i onmn0.0Nn 0:9 


SEO Bis) 

pH 
FIG. 1. Effect of pH on oxidation of lactic acid 
by washed cell suspensions of M. tuberculosis 
strain H37Ra. 0.066 mM phosphate buffer; 0.022 m 


lactate; age of culture, 7 days; Sauton’s medium; 
3.6 mg dry wt bacterial cells/cup. 


sufficient distilled water to bring the volume to 
3 ml; the inner well contained 0.15 ml of 20% 
KOH; the side arm housed the substrate 
which was tipped after temperature equilibra- 
tion. Readings were made at suitable inter- 
vals for a period of 5 hrs and the results are 
expressed in terms of Qop 7.e., ul Oo consumed 
per mg dry weight of cells per hr. 


Results. Prior to the investigation of the 
influence of age of culture on metabolic ac- 
tivity of M. tuberculosis it was necessary to 
learn the optimal pH and the substrate con- 
centration for such studies. The results pre- 
sented in Fig. 1 relate the rate of lactate oxi- 
dation with pH. A final concentration of 
0.066 M phosphate buffer was employed in 
order to achieve ample buffering capacity over 
the wide range of pH studied. It is quite clear 
from the data presented that the optimum 
range of pH was approximately 5.9-6.6 with 
maximum activity at pH 6.4. It is also mani- 
fest that the rate of lactate oxidation fell off 
quite markedly on either side of the optimal 
range. 

With respect to substrate concentration the 
data in Fig. 2 reveal that rate of lactate oxi- 
dation increased markedly at substrate levels 
between 1.66 and 2.32 x 10° M. Concentra- 
tions of lactic acid in excess of the latter fig- 
ure caused no further increase in metabolic 
activity. 

A series of experiments were performed 


next, designed to relate physiological activity 
(using lactate oxidation as a parameter) with 
age of the bacillus. Aliquots of culture were 
removed at daily intervals and turbidimetric 
measurements made of the unconcentrated 
culture and of the culture concentrated 5 
times. The latter procedure was considered 
advisable because of the sparse growth of the 
organism especially during the first week of 
incubation. Concentration was achieved by 
centrifugation of a 10 ml aliquot of culture 
for 30 min at 12,500 x gravity followed by re- 
suspension of the sedimented cells into 2 ml 
of the supernatant fluid. Resuspension was 
facilitated by making use of a Teflon homo- 
genizer. The results so obtained were em- 
ployed for construction of the growth curves 
presented in Fig. 3. At intervals from the 
4th through the 20th day of incubation, respi- 
ration studies were performed employing 
washed bacterial cell suspensions on the day 
of harvesting in order to avoid varying reduc- 
tions in Qos following refrigeration of such 
suspensions. The results of such studies (Fig. 
3) revealed maximum lactate oxidation be- 
tween the 10th and the 12th day of incuba- 
tion which approximated the mid-portion of 
the logarithmic phase of growth. 

Discussion. The results herein presented 
make known that the metabolic activity of 
M. tuberculosis, as revealed by a study of 
lactate oxidation, is influenced markedly by 
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FIG. 3. Effect of age of culture on rate of lactate 
oxidation by washed cell suspensions of M. tuber- 
eulosis strain H37Ra. Curve 1 = % optical trans- 
mission of culture. Curve 2 = optical transmission 
of culture concentrated 5 times. Curve 3 — Qo,. 
0.066 M phosphate buffer, pH 6.4; 0.022 m lactate; 
6-9 mg dry wt bacterial cells/eup; Sauton’s me- 
dium. 


18 20 


age of the bacterial cells. It is manifest from 
the data given that rate of lactate oxidation by 
washed cell suspensions increases with age of 
the cells, reaching a maximum between the 
10th and the 12th day of incubation which 
coincides with the middle of the logarithmic 
phase of growth. Upon continued incubation, 
rate of lactate oxidation falls rapidly reaching 
a minimum during the stationary phase of the 
bacterial growth cycle. Thus, it is evident 
that the tubercle bacillus responds in this re- 
spect in a similar manner to other micro-or- 
ganisms(6) and suggests that young cells de- 


Biliary Excretion of Co" Labeled Vitamin B,» in Dogs.* 


rived from dispersed cultures might properly 
be more widely used in studies of the physi- 
ology of this organism. Although admittedly 
these data were obtained using only one strain 
of the tubercle bacillus and inspecting only 
one enzyme system, the results suggest further 
study along these lines. Furthermore, since 
it has been established that the lipid content 
of tubercle bacilli increases with age(7), 
which may well influence the permeability of 
the older intact cells, it would appear desir- 
able to utilize the younger cells for investiga- 
tive purposes. 

Summary. A study of lactate oxidation by 
washed cells of M. tuberculosis strain H37Ra 
revealed a marked influence of the age of the 
cells. Cells obtained during the logarithmic 
phase of growth were the most active meta- 
bolically. 
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Previous reports indicate that radioactivity 
is present in bile and feces after injection of 
labeled B,2, but observation periods were short 
and data not critically analyzed(1,2,3). The 
following study was instituted to evaluate the 
rate of Co" excretion in bile and its role as a 
source of fecal radioactivity after intravenous 


* Supported by U. S. Atomic Energy Com. and 
performed at Medical Dept., Brookhaven Nat. 
Laboratory. 

+ Research Collaborator at Brookhaven from Col- 
lege of Veterinary Medicine, University of Minne- 
sota. 

+t Medical Dept., Brookhaven Nat. Lab. 
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Co® Vit. Byy EXCRETION 


Vit. By. 


TABLE I. Total Biliary Excretion in 5 Dogs following Intravenous Administration of Co 


nT 
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Total vol Period of nee 
Total dose bile eol- collection, % of inj. 
Dog No. Sex Wt, lb inj., uc lected, ml hr dose in bile 

282 a 52 3.48 250 96 4.2 
283 & 38 3.48 661 162 3.6 
236 3 37 3.48 3245 658 6.6 
378 3 48 2.096 889 193 2.6 
379 B 48 2.096 1342 213 4.0 


Lot V 5-6-6—20 ee vial contains 22.96 we equivalent to 25.96 yg. 


Lot V5-7-7— 5” ” $4 5.24 ” 


administration of labeled Vit. By. to dogs. 

Material and methods. Co Vit. By. was 
received in 2 lots with specific activities of 
0.885 and 0.95 uc/ug, respectively. Prior to 
the experiment dogs were kept in isolation for 
at least one month, during which time they 
were wormed and immunized to canine hepa- 
titis and distemper. All animals were young 
and healthy. Hematologic values were nor- 
mal. Dogs were maintained under anesthesia 
by intermittent injections of sodium pento- 
thal through catheter in femoral vein. The la- 
beled vitamin was administered through this 
vessel. Under aseptic conditions the common 
bile duct was exposed and a _ polyethelene 
catheter inserted and tied at a point below 
the major bifurcation. The other end of 
catheter was connected to plastic bag for col- 
lection of bile under sterile conditions. Post- 
operatively, the dogs were fed a low fat diet 
including 0.3 g of Desicol. Two mg of Mena- 
dione were injected intramuscularly daily. At 
varying intervals the bag was emptied, volume 
of bile measured, and radioactivity/ml deter- 
mined in a well-type scintillation counter. 
Counts/minute were converted to microcuries 
by reference to an aliquot of the radiovitamin 
injected. 

Results. Table I shows dose of Co® By» 
injected, period of collection, volume of bile 
excreted, and total Co® radioactivity meas- 
ured. The experiment was terminated by ir- 
reversible plugging of the lumen or dislodg- 
ment of tubing from the common duct. Pe- 
riods of collection ranged from 96 to 658 
hours. Fig. 1 shows cumulative excretion of 
Co® in bile of 5 dogs. Subjecting these ex- 
cretion curves to graphic analysis a 2-com- 
ponent pattern was noted in dogs No. 379, 


” ” 


Usa 


283 and 236. (illustrated in Fig. 2 for dog 
No. 379.) The half-times for the first (fast) 
components were 6.0, 6.5, and 7.5 hours, re- 
spectively. The slow components had half- 
times of 130, 90, and 295 hours, respectively. 
In dog No. 282 the collection period was not 
long enough to analyze the curve adequately, 


but 2 components were probable. The fifth 
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FIG. 1. Cumulative biliary exeretion of Co® in 
5 dogs given intray. cobalt labeled vit. By. 

FIG, 2. Example of two-component biliary ex- 
Sere of Co after intray. inj. of cobalt labeled 
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TABLE IT. Exeretion of Co” in Urine and Feees of Normal and Biliary Fistulae Dogs follow- 
ing Labeled B,. Injection. 
33eN0NTCECR—e€e—”—0—90 5 


ue excreted in 


% excreted in 


ae Ais og N : : 
Dog No. yxcinj. post-inj. Feces Urine Total we Feces Urine Total % 


Days 
Normals 279 3.48 2 
281 3.48 5 
274 13.90 25 
237 4.85 54 
275 8.12 235 
284 6.96 245 
Biliary fistulae 282 3.48 5 
283 3.48 ii 
378 2.096 21 
(12 days) * 
379 2.096 21 
(12 days)* 
236 3.48 28 


.05 1.4 

10 2.9 
2.0 5.8 7.8 14.4 41.7 56.1 
1.9 6 2.5 39.1 12.4 51.5 
2.9 1.4 4.3 35.7 17.2 52.9 
Io” 2.6 4.1 21.5 37.4 58.9 

03 A) 

10 2.9 
2 .05 25 9.5 2.4 11.9 
2 03 23 9.5 1.5 11.0 
Bots) eaihe) 73 15.8 5.2 21.0 


* Feeal and urinary data available for 12 days only. 


animal, No. 378, had a single component of 
excretion with a half-life of 145 hours (Fig. 
2d). 


Fecal excretion of radioactivity is shown 
in Table II for 5 dogs with biliary fistulae and 
7 normal animals. It is clear that Co ac- 
tivity of bile does not explain total fecal ex- 
cretion since dogs with biliary fistulae show 
radioactivity, though to a much lesser degree, 
in their feces. 

Discussion. In general, presence of a 2- 
component excretion pattern indicates exis- 
tence of 2 or more compartments in which the 
radioactive tracer is presumably diluted. 
Whether these compartments are in parallel, 
turning over the labeled vitamin indepen- 
dently and at different rates, or whether they 
are connected in series and are mutually de- 
pendent, cannot be ascertained in these ex- 
periments. 

At present it is not possible to explain the 
apparent 2 component biliary excretion of ra- 
dioactive cobalt after intravenous injection 
of the labeled vitamin. These observations 
in dogs are consistent, however, with those of 
Grasbeck et al.(4) in patients. 

The physiologic significance of this 2 com- 
ponent excretion will have to be determined 
by further investigation. Certain facts are 
known which will help design further experi- 
ments. Meyer et al.(5) have shown that 
plasma binds radioactive Bis promptly and 
very tightly. In our preliminary experiments 


(unpublished) with continuous flow paper 
electrophoresis, the radioactivity appears with 
the al, globulin of plasma, suggesting that 
this protein fraction carries Vit. By. from sites 
of absorption to deposition in tissue. That 
the parenchyma of liver is relatively perme- 
able to this complex and permits its passage 
into the biliary passages is unlikely because 
plasma clearance(6) takes place in human 
beings too rapidly to allow this interpretation. 
Plasma clearance in the dog, however, has 
not been measured yet. The fast biliary ex- 
cretion may represent loss of radioactive vita- 
min not bound to tissue components while the 
slower excretion may represent loss of cells or 
cellular debris containing radiovitamin or its 
cobalt degradation products, or loss of degra- 
dation products alone. We did not determine 
whether biliary radioactivity was associated 
with cells, large molecules, or was freely di- 
alyzable. Even more pertinent is the question 
whether the radioactive cobalt still represents 
Vit. By» or some of its degradation products. 
In fact, interpretation of all long term studies 
with radioactive Vit. By. is dependent upon 
whether the radioactivity is still associated 
with Bj» or its metabolic products. If radio- 
activity represents undegraded By, it still may 
not be representative of By. behavior. To be 
representative, the injected radiovitamin must 
be uniformly distributed in the total body 
pool of B,, and one must determine whether 
the ratios of labeled to cold By». are constant 
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throughout the body. We are not aware of 
any such determinations. 

Since stools of dogs with biliary fistulae con- 
tain Co® radioactivity, it is evident that la- 
beled By. or one of its degradation products 
passes into the lumen of the gastrointestinal 
tract from sources other than bile. Fecal ra- 
dioactivity is obviously enhanced when the 
flow of bile to the intestines is uninterrupted. 
Whether Co in bile is still part of the Vit. B 
molecule and can be absorbed for reutilization 
has not yet been determined. Okuda e¢ al. 
(7) have also independently demonstrated the 
presence of radioactive By» in bile and stools 
of rats after injection of labeled By. in rats 
and believe that fecal B,. has a biliary and 
an intestinal source. 

Conclusions. 1. Following intravenous ad- 
ministration of 2.09 to 3.48 uc Co Vit. Bio 
to dogs between 2.6 and 6.6% of radioactivity 
was recovered in the bile. 2. In 3 of 5 dogs 


the 2-phased excretion pattern showed fast 
and slow components of 6.0 to 7.5 hours and 
90 to 295 hours, respectively. 3. Fecal excre- 
tion of radioactivity in dogs with biliary fis- 
tulae was considerably less than in intact nor- 
mal animals. 
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Oxygen Consumption of the Hypothermic Potassium Arrested Heart.* 
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Cardiac arrest induced by intracoronary 
administration of potassium(1) or acetyl- 
choline(2) has been found useful in cardiac 
surgery. However, revival of arrested hearts 
has not been completely satisfactory(3). Re- 
fractory ventricular fibrillation and inability 
of the previously asystolic heart to maintain 
an adequate cardiac output have been the 
principal difficulties. Previous studies(3) 
have indicated that the combination of cardiac 
hypothermia and potassium arrest resulted in 
the most rapid and complete post-arrest re- 
coveries. The assumption was made that a 
reduction in myocardial oxygen requirement 
by cardiac hypothermia in the arrested heart 
was in large part responsible for these results 


* Supported (in part) by Elisabeth Severance 
Prentiss Fn., the Cleveland Area Heart Soc. and 
Life Insurance Medical Research Fund. 


and the present study was undertaken to test 
this asumption by quantitating the oxygen 
consumption of the normothermic and hypo- 
thermic arrested heart. 


Methods. Fifteen technically satisfactory 
experiments were performed on open chest 
dogs anesthetized with sodium pentobarbital 
(30 mg/kg). The chest was opened bilater- 
ally in the fourth intercostal space and the 
sternum transsected at this level. Following 
administration of heparin, the left coronary 
artery and the coronary sinus were can- 
nulated. During control studies when the cir- 
culatory system was intact and the heart do- 
ing work, the source of blood for left coron- 
ary artery perfusion was either the dog’s caro- 
tid artery or a pump oxygenator(4). When 
the pump oxygenator was used, blood was 
withdrawn from the right atrium at a rate 
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equal to that of infusion into the left coronary 
artery. Blood from the coronary sinus was 
returned to the animal via the right jugular 
vein. Coronary blood flow was measured with 
an optically recording rotameter(5), and per- 
fusion pressure with a Statham strain gauge. 
The oxygen content of coronary artery and 
coronary sinus blood was determined in du- 
plicate by the method of VanSlyke and Neill 
(6). After coronary blood flow had been 
determined and blood samples for oxygen had 
been withdrawn in the normothermic work- 
ing heart, the dog was placed on a complete 
cardiac bypass(4). The left coronary artery 
was supplied with oxygenated blood from the 
pump oxygenator at the same flow rate that 
existed during the control period. A catheter 
in the right atrium served to drain blood 
that returned by routes other than the cor- 
onary sinus. Potassium chloride was then in- 
fused into the tubing leading to the cannu- 
lated left coronary artery at a constant rate 
sufficient to produce and maintain left ven- 
tricular arrest. Since potassium has a cor- 
onary vasodilator or vasoconstrictor effect, 
depending upon dose employed(7,8), it was 
necessary to make careful adjustments of per- 
fusion pressure and rate of potassium chloride 
infusion in order to keep coronary blood flow 
constant throughout the experiment. A small 
glass coil immersed in a water bath was inter- 
posed between the rotameter and the coronary 
artery cannula. Blood passing through the 
coil could be warmed or cooled by varying 
the temperature of the water bath. The tem- 
perature of coronary artery blood was meas- 
ured at the coronary cannula and continuously 
recorded by a thermocouple connected to a 
Leeds and Northrop Speedomax. At the con- 
clusion of each experiment the perfused por- 
tion of the heart was stained with India ink, 
excised, and weighed. 

Results. The average coronary blood flow 
and oxygen consumption of intact working 
hearts were 73 and 9.18 ml/min/100 g of 
heart muscle, respectively (Table I). Cardiac 
arrest in the normothermic heart resulted in 
an average reduction in myocardial oxygen 
consumption to 2.08 ml/min/100 g of heart 
whereas cooling of the arrested heart to 21.5 


TABLE I, Oxygen Consumption of Normothermie 
and Hypothermic Potassium Arrested Hearts. 


CBE 


—— Myoeardial oxygen consumption — 


K-arrested K-arrested 
Beating heart warm cold 
—— e¢/min./100 g heart ———————,, 
78 7.12 (34.0)*  .23 (34.0)* <.20 (25.0)* 
58 1.01 (37.0) 64 (25.0) 
83 10.61 (387.5) 1.08 (36.5) 75 (23.0) 
84 3.75 (36.5) 39 (23.5) 
67 9.51 (387.5) 2.41 (37.0) 1.27 (22.0) 
luli 8.42 (36.5) 3.74 (37.0) 47 (23.0) 
54 8.01 (36.5) 3.10 (36.5) 2.84 (22.5) 
60 7.38 (36.5) <.20 (36.5) 48 (24.0) 
72 11.01 (38.0) 2.00 (87.0) <.20 (22.0) 
51 1.53 (38.0) <.20 (25.0) 
50 2.65 (38.0) .77 (22.0) 
78 4.68 (36.5) .94 (38.0) <.20 (23.0) 
+124 14.87 (35.5) 2.17 (37.5) —.38 (22.0) 
tee 2.49 (36.0) .65 (22.0) 
t 83 4.05 (37.0) 1.11 (21.5) 
Avg 
WS 9.18 2.08 .66 


“No. in parentheses denotes temperature of 
blood perfusing left coronary artery in degrees 
centigrade. 

} 2-4 separate determinations on the same heart. 


Arterial oxygen content avg 20 vol % and in 
none of the experiments was it less than 17 vol %. 


to 25°C produced an average myocardial oxy- 
gen consumption of 0.66 ml/min/100 g of 
myocardium. In only one experiment (#8) 
was oxygen consumption of the cold arrested 
heart greater than that of the warm arrested 
heart. In this experiment, however, the myo- 
cardial oxygen consumption of the arrested 
heart was less than 0.2 ml/min at 36.5°C. 
Discussion. Oxygen consumption of the 
normothermic potassium arrested heart in the 
present study was 2.1 ml/min/100 g of per- 
fused heart. This is equivalent to 23% of 
oxygen consumption of the intact beating 
heart. These figures are in good agree- 
ment with those of McKeever ef al.(9) 
who found oxygen consumption of the po- 
tassium arrested heart to be 2.2 ml/ 
min/100 g of myocardium, which was _be- 
tween 16 and 32% of the oxygen con- 
sumption of the working ventricle in their 
studies. The values for oxygen consumption 
of the warm arrested heart in the present 
study are also in reasonable agreement with 
those of Berglund ef al.(10). According to 
rough calculations from Fig. 2 of their paper, 
the average cardiac oxygen consumption for 
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6 experiments was 1.4 ml/min/100 g of heart, 
which was about 18% of the oxygen utiliza- 
tion of the working heart. 

Cooling the blood perfusing the arrested 
heart reduced myocardial oxygen consump- 
tion to about one-third of that observed at 
normal body temperature and to 7% of the 
oxygen consumption of the intact working 
heart. These observations indicate that the 
rapid post-arrest recovery of the cold arrested 
heart is most likely due to its very low oxygen 
requirement. The possibility cannot be ex- 
cluded, however, that the beneficial effects of 
cold in the arrested heart are not related to 
the reduction in myocardial oxygen consump- 
tion, but to some specific effect of low tem- 
perature on the metabolic characteristics of 
the myocardium. Application of these data 
to surgical situations in which cardiac arrest 
is necessary, suggests that coronary blood flow 
can be interrupted about 3 times longer in the 
hypothermic than in the normothermic ar- 
rested heart. 


Summary. Oxygen consumption of the 


Significance of Circulating Phenols in Anemia of Renal Disease.* 


potassium arrested heart averaged 2.1 ml/ 
min/100 g of perfused heart at normal body 
temperature, and 0.66 ml/min/100 g of per- 
fused heart at 21.5 to 25°C. 
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Anemia is a frequent complication in pa- 
tients with chronic renal disease. The degree 
of anemia is roughly proportional to the level 
of azotemia, but the exact mechanism where- 
by anemia is produced is still unsolved. The 
most widely supported theory is that anemia 
results from a suppression of erythropoiesis 
by “toxic” metabolic products retained in the 
blood(1-5). Recent reports also stress the 
importance of increased erythrocyte destruc- 
tion associated with inadequate bone marrow 
response(1-5). The hemolytic process is 


* This study was supported by research grant from 
Public Health Service. 

Technical assistance of Miss Licia L. Petriello, 
Miss Donna L. Taylor and Miss Patricia Ludden is 
gratefully acknowledged. 


thought to be extracorpuscular, but no defi- 
nite mechanism has been set forth. Evidence 
has appeared to suggest that phenol and/or 
its derivatives are hematopoietic poisons(6, 
7). Conceivably they could be implicated 
either as bone marrow “toxins” or hemolytic 
agents. Most earlier work suffered from lack 
of specific analytic reactions employed to de- 
tect blood phenols(6). Using one such non- 
specific reaction, the xanthoprotein index, 
Bock and Thedering(7) reported that ele- 
vated xanthoprotein levels were seen in ane- 
mic patients with renal insufficiency, and sug- 
gested that these substances might be impli- 
cated in production of anemia of these pa- 
tients. Schmidt, e¢ al.(8) applied a more 
specific technic for detection of blood phenols 
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TABLE I. Levels of Ether Soluble Phenols in Blood of Patients with Renal Insufficiency 
nn BEI CLONCY« 


—— Ether soluble phenols*_,, 


$03 ae ae : ike Free Conj. Free Conj. 

; mogiobin, creatinine, phenol phenol- phenolie phenolic 

Diagnosis cell vol, Yo g/% mg/% eresol cresol acids ; acids 

Chronie glomerulo- 26 8.3 > 11.3 34 

gl 2 8. ae 4 2 a8 

nephritis , rs a ie 

Idem 39 13.8 3.5 01 06 15 15 

35 12.5 3.2 01 37 16 09 

Chronie pyelo- 32 11.2 8.4 02 .18 ily 83 
nephritis a ; 

Tdem 35 11.6 8.4 01 86 29 385 
‘f 39 13.2 6.5 .02 02 slik .20 

34 11.6 11.6 Ol 82 41 I8 

Chronie glomerulo- 33 10.0 10.1 .00 1-12 20 54 
nephritis 

Polyeystic kidney 48 14.9 6.5 00 45 oft) 48 

Chronic glomerulo- 49 16.6 2.6 24 sil 23 17 = 
nephritis . 

Chronic pyelo- 19 8.3 15.9 03 Deli) 45 1.73 
nephritis 

Idem , 19 8.3 27.6 03 hth) 1.19 IH, 

Chronic glomerulo- 25 8.5 1.6 07 04 02 04 
nephritis 

Idem 26 8.6 28.8 01 73 ails} 31 
; 30 DES 12.2 .03 87 Lei. 2.12 
% 28 10.0 13.2 .02 93 58 1.86 

Chronic pyelo- 24 8.4 10.5 O1 13 23 4 
nephritis 

Acute glomerulo- 34 11.6 2.2 01 02 06 02 
nephritis 

Chronic glomerulo- 35 13.0 5.4 .03 08 20 13 
nephritis 

Severe nephrosclerosis 35 11.3 6.5 03 64 SO 47 


* Free and conjugated phenols expressed as mg % phenol; free and conjugated phenolic 
acids expressed as mg % p-hydroxyphenylacetic acid. Range of normal values (5 subjects): 
Free phenol-eresols, .01-.04; conjugated phenol-cresols, .01-.19; free phenolic acids, .02-.11; 


conjugated phenolic acids, .03-.20. 
t Normal range: .8-1.5 mg %. 


from patients with a variety of diseases. They 
found no elevation of free circulating phenol 
and cresol in 5 patients with renal disease. 
The present study investigates the role of 
these compounds in anemia of chronic renal 
disease. 

Methods. Routine hemograms and phenol 
determinations were performed on normal 
subjects, and on patients with documented 
renal disease. Serum creatinine determina- 
tions were performed on all renal patients by 
a technic employing the usual Jaffe reaction 
(9). Medications that interfered with the 
phenol reaction, such as aspirin, were with- 
held for 24-48 hours prior to blood letting. 
Blood phenol determination: A modification 
of the method of Schmidt, et a/.,(7), was used. 
Heparinized blood samples were drawn and 


Italicized figures indicate elevated findings. 


the plasma frozen at —20°C until used. Four 
ether-soluble fractions were determined: free 
phenols (phenol and cresol), free aromatic 
hydroxy acids (é.g., p-hydroxyphenylacetic 
acid, p-hydroxybenzoic acid) and the conju- 
gates of each of these groups. Blood filtrates 
were prepared in 1:5 dilution with tungstic 
acid and separation of the phenolic constitu- 
ents accomplished by continuous extraction 
with ether at pH 10 and 1. Conjugates were 
released as free compounds after preliminary 
extractions by hydrolysis with sulfuric acid. 
The alkalinized extracts were then evaporated 
to remove the ether and treated with Folin- 
Ciocalteu reagent. Readings were made on a 
Beckman Model B spectrophotometer at wave 
length of 740 my. 

Results. The results of these studies are 
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illustrated in Table I. A significant elevation 
of free phenol and cresol was found in only 2 
instances in 20 patients with renal disease and 
azotemia; in one of these, no anemia was 
present. Conjugated phenols tended to in- 
crease with degree of anemia and azotemia, 
but the relationship was not consistent. This 
same relationship held between severity of 
anemia and level of serum creatinine. 

Discussion. It would appear that uremic 
patients are able to conjugate potentially 
toxic free phenols despite severe derangement 
of kidney function. The site of this “detoxi- 
fying” process is unknown, but presumably it 
is mainly in the liver. It is unlikely that these 
conjugated phenols can be implicated per se 
in pathogenesis of anemia of renal insuf- 
ficiency. Previous investigations have shown 
that larger amounts of free phenolic acids and 
conjugated phenols than those detected in our 
patients do not produce any significant dele- 
terious effect on the blood(6,8). 

It is still possible that minute amounts of 
circulating free phenol and cresol might ac- 
celerate naturally occurring plasma _ lysins, 
and evoke a hemolytic reaction. Such a 
mechanism has been postulated by Ponder 
(10) to explain the hemolytic effect of nap- 
thalene and other agents. However, it is dif- 
ficult to accept this possibility in relation to 
free phenol and cresol in uremic patients in- 


asmuch as the levels of these circulating com- 
pounds are not greater than in normal sub- 
jects. 

Summary. Free and conjugated ether-sol- 
uble phenols in blood of uremic patients have 
been determined by a specific and reliable 
method. Free phenol and cresol are not ele- 
vated in the great majority of these patients. 
Reasons are given for discounting the role of 
elevated conjugated phenols and free phenolic 
acids in the pathogenesis of the anemia of 
chronic renal disease. 
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Effect of a High Protein and High Nucleic Acid Diet on Occurrence of 


2- Acetylaminofluorene-induced Cancer in Rats.* 


(24257) 


W. F. DUNNING anp M. R. Curtis 
Cancer Research Laboratory, University of Miami, Coral Gables, Fla. 


A previous report(1) showed an_ in- 
creased percentage of acetylaminofluorene- 
induced liver cancers in rats on a high protein 
diet. Fischer line 344 female rats on a syn- 
thetic diet containing 45% casein and 0.06% 
2-acetylaminofluorene were compared with 
similar rats on a diet containing 26% casein. 
In the first group 11 of 12 rats died with liver 
cancers in an average of 303 days while only 


* Supported by a Grant from the Am. Cancer Soc. 


6 out of 16 rats on the 26% casein diet de- 
veloped liver cancers in an average of 283 
days. 

Harris(2) found no difference in incidence 
of induced liver cancers in Wistar rats on diets 
containing 0.04% acetylaminofluorene and a 
smaller difference in casein content, i.e. be- 
tween 20 and 13% or with the addition of 
3% liver extract. Morris, Wagner and Velat 
(3) reported a higher incidence of induced 


— 
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TABLE I. Composition of Diets. 


Diet 6 Diet13  Diet14 Diet15 Diet16 Diet17 
Material —_— %. 
a oe ae ae 
= See a a eee eee 
Casein 45.0 40.0 44.0 3.0 
. . ; 43.0 
Brewers yeast 0 0) 0 0) a, ee 
High nueleie acid yeast* 0 5.0 0) 0) 0 0 
Desoxyribonueleie acid 0 0 1.0 2.0 0 5.0 
Salt mixture 4.0 4.0 4.0 4.0 4.0 4.0 
Cellu flour 2.0 2.0 2.0 2.0 2.0 2.0 
Dextrin 34.0 34.0 34.0 34.0 34.0 34.0 
Crisco 15.0 15.0 15.0 15.0 15.0 15.0 
Halibut liver oil 4 4 4 4 4 4 
2-Acetylaminofluorene 06 06 06 06 106 06 
Vitamin supplement per kilo of diett 
mg mg mg 
Thiamin 4 Niacin 4 Choline HCL 2,000 
Riboflavin 8 Caleium pantothenate 20 a-tocopherol 150 


Pyridoxine HCL 4 


= 


City. 


Supplied through the courtesy of Dr. Joel B. Peterson, Standard Brands, Inc., New York 


t The erystalline B vitamins were dissolved in distilled water and added as a daily supple- 


ment to each food cup. 


mammary gland and ear-duct cancers and no 
difference in incidence of induced liver can- 
cers in rats fed equal amounts of acetylamino- 
fluorene with 10 »g compared with 1 or 2 pg 
of riboflavin added per gram to a semi-syn- 
thetic diet containing 24% casein. 

In a preliminary experiment in our labora- 
tory the average survival of rats on a 45% 
casein diet was increased from 317 days to 
359 days by substitution of a high nucleic 
acid (6%) yeast for 5% casein. The added 
yeast significantly delayed the occurrence of 
the liver cancers but did not prevent their de- 
velopment. It seemed of interest to determine 
whether or not the protection resulted from 
the increased vitamin or nucleic acid content 
of the diet, or whether added protection might 
result from increased proportions of dietary 
nucleic acid. 

In the current experiment 1, 2 and 5% 
desoxyribonucleic acid and 5% yeast were 
substituted for casein in a 45% casein diet. 

Material and methods. Observations were 
completed on 6 groups of pedigreed Fischer 
line 344 female rats that received isocaloric 
portions of synthetic diets containing 0.06% 
2-acetylaminofluorene. The diets varied only 
in proportion of casein, yeast or purified de- 
soxyribonucleic acid as shown in Table I. 

The rats were 4 to 5 months of age at start 
of the experiment. Each rat was housed in an 


individual cage with free access to water. 
The daily portion of 7 g of food was weighed 
out, and % cc of distilled water containing the 
daily supplement of crystalline B vitamins 
was added to each cup which was shaken 
briefly to mix in the vitamins before it was 
placed in the cage. Attempts were made to 
recover, weigh, and record any food that was 
spilled. Each gram of diet was equivalent to 
4.7 calories, and the daily portion was 33 
calories or a little less than the ad libitum con- 
sumption. 

Each rat was weighed and inspected for tu- 
mors once a week. At death, post mortem 
examination included description of all visible 
tumors, gross sectioning of lungs and mam- 
mary glands, and inspection and weight of the 
liver, kidneys, adrenals, pituitary, and sex 
glands. Representative sections of each of 
these tissues and organs were preserved, and 
prepared sections were examined microscopic- 
ally. 

Results, The results are summarized briefly 
in Tables II, III, and IV. Table II shows 
that average daily consumption for the 6 
groups of rats varied from 5.9 to 6.4 g of diet 
and the average total dose of 2-acetylamino- 
fluorene ingested per rat varied from 1.1 to 
1.6 g for the rats of the 6 groups. In each case 
consumption was less for the rats that re- 
ceived 1% nucleic acid and higher for the rats 
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TABLE II. Number of Rats in Each Group, Average Initial Body Weight, Daily Food Con- 
sumption, and Dose of 2-Acetylaminofluorene. 


Avg total Avg daily 


Body wt Avg daily dose AAF dose AAF 

% No, rats (g) ration (g) (g) (mg) 
45 casein 16 145 6.3 1.3 3.8 

5 nueleie acid yeast 18 147 6.4 1.6 3.8 

1 nucleic acid 12 138 5.9 ileal 3.5 

2 a 12 146 6.2 1.2 3.7 

5 Pa ss 11 136 6.2 1.2 3.7 

5 Brewer’s yeast 12 138 6.3 1.2 3.8 


that received the supplement of high nucleic 
acid yeast. Average daily consumption of 
acetylaminofluorene, however, varied only 
from 3.5 to 3.8 mg per rat per day. 


From Table III it appears that average ter- 
minal body weight was considerably less than 
weight at the start of the experiment for rats 
of each group. An average weight loss of 
14% was observed for the rats that received 
5% Brewers yeast and more than twice that 
or 32% was observed for the rats on the diet 
containing 1% nucleic acid. The livers were 
from 21% to 3 times larger than normal aver- 
age liver weight and average kidney weights 
were slightly higher than normal for all 
groups. Otherwise there were no significant 
changes in the organs that were weighed. 


Table IV shows average survival period for 
the rats of each group and the percentage of 
induced neoplasms that were observed. The 
rats with the 5% substitution of high nucleic 
acid yeast survived an average of 409 + 9.4 
days or significantly longer than the average 
survival (349 + 11. days) for the group on 
the 45% casein diet or the average of 317 + 
6.5 days for the rats with 5% Brewers Yeast 
substitution. There were no significant dif- 
ferences between the groups that received dif- 
ferent quantities of nucleic acid. 

Malignant hepatoma were observed in from 


67 to 92% of the rats of the 6 groups. There 
appeared to be no noteworthy differences in 
morphology or degree of malignancy except 
that lung metastases were observed in only 
30% of the rats of the group that received 5% 
nucleic acid compared with 67% for the rats 
on the control or 45% casein diet. 


Squamous cell carcinoma of the external 
auditory meatus were observed in 33 to 75% 
of the rats of the 6 groups. This type of neo- 
plasm has been observed previously in about 
20% of the Fischer line 344 rats on various 
dietary regimens containing 26% protein. 
Possibly the high protein diet accelerated oc- 
currence of these tumors because the observed 
frequency was higher than expected in all 6 
groups. In the rats with added nucleic acid 
the average latent period was only 280 to 290 
days. The neoplasms were bilateral in 6 rats, 
6 showed metastases to the lungs and one dis- 
semination to the pituitary gland. 


Adenocarcinomas of the mammary gland 
were observed in 4 or 25% of the rats on the 
control or 45'% casein diet and in only one of 
the rats on the high nucleic acid yeast diet and 
in none of the rats of the other groups. In ad- 
dition 3 rats, one each from the control, and 
1, and 2% nucleic acid diets had squamous 
cell carcinoma of the bladder. These neo- 
plasms had been observed previously only on 


TABLE III. Number of Rats on Hach Diet, Average Initial and Final Body Weight, and Per- 
centage Weights of Organs. 


a= Wis) a 


Organ wt in % of body wt ———————__ 


Group No. rats Initial Final Liver Kidney Adrenal Pituitary Ovary Uterus 

Diet 6 16 145 117, 15.8 1.5 05 01 .05 39 
13 18 147 112 15.8 1.4 04 01 04 42 
14 12 138 93 14.7 1.5 05 01 05 36 
15 12 146 102 15.7 1.5 05 01 04 45 
16 11 136 116 15.7 1.3 05 O01 05 BT 
ANY 12 138 107 12.8 1.4 05 01 04 40 
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TABLE IV. Average Survival in Days + P.E. and % of Rats with Induced Caneer, 


Group Survival, 
Jo No. rats days + P.E. 
45 casein 16 349 +11. 
5 high nueleie acid yeast 18 409+ 9.4 
1 nueleie acid 2 324 +11 
2 * x 12 322 + 6.1 
5 "8 [ 12 315+ 6.1 
5 Brewer's yeast 1l 317 + 6.5 


Mammary 


Liver cancer Bar cancer cancer 


ia ce (ee saet Gant oe 
Jo % met. % Avgdays % Avg days 


75 67 44 323 25 327 
83 47 33 338 6 406 
67 62 67 290 0 
92 54. 50 280 0 
83 30 75 286 0 
82 62 64 319 0 


diets containing added tryptophan(1) or in- 
dole(4). An adenocarcinoma of the lungs 
that was probably primary was observed in 
one rat on the 2% nucleic acid diet. Two rats 
that received the Brewers yeast supplement 
had mixed tumors (adenocarcinoma and osteo- 
sarcoma) of the illum. One rat on the high 
nucleic acid diet had a fibrosarcoma of the 
right fore leg with lung and lymph node me- 
tastases and another had an adenoma of the 
adrenal. 

Summary. 1. The substitution of 5% high 
(6%) nucleic acid yeast for casein in a syn- 
thetic diet containing 45% casein and 0.06% 
2-acetylaminofluorene significantly increased 
average survival of the rats but did not pre- 
vent development of the induced neoplasms. 


2. Substitution of 1, 2, or 5% purified desoxy- 
ribonucleic acid or 5% Brewers yeast for 
casein in similar diets did not affect average 
survival period or frequency of occurrence of 
the induced neoplasms. 3. The high protein 
diet appeared to accelerate occurrence of the 
acetylaminofluorene-induced squamous cell 
carcinomas of the external auditory meatus. 
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The Role of Indole in Incidence of 2-Acetylaminofluorene-Induced 


Bladder Cancer in Rats.* 


(24258) 


W. F. DunNING AND M. R. CurTIS 
Cancer Research Laboratory, University of Miami, Coral Gables, Fla. 


Previous reports(1,3) have shown that ad- 
dition of 1.4% DL-tryptophan to a synthetic 
diet containing 25% tryptophan-free casein 
hydrolysate and 0.06% 2-acetylaminofluor- 
ene increased from 37 to 75 the percentage of 
rats that developed liver cancer and appeared 
to be an etiological factor in the incidence of 
bladder cancer. A study by Glass and Plaine 
(4) of the enhancing effect of dietary trypto- 
phan on appearance of melanotic tumors in 
the fruit fly Drosophilia melanogaster showed 
that indole was the effective promoting agent. 


* Supported by a Grant from the Am. Cancer Soc. 


In rats indole-acetic acid is the natural me- 
tabolite of tryptophan and indole results from 
action of intestinal bacteria. It seemed there- 
fore, of interest to determine whether or not 
either indole or’indole acetic acid were respon- 
sible for the observed enhancing effect of diet- 
ary tryptophan on the incidence of bladder 
cancer in these rats. 

Material and methods. Pedigreed Fischer 
line 344 female rats 4 or 5 months of age were 
divided into 4 groups and placed on the syn- 
thetic diets to be described. Each rat was 
housed in an individual cage with free access 
to water. A daily portion of 7 g of diet or ap- 
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TABLE I. Composition of Diets. 


Diet 30 Diet 31 Diet 32 Diet 33 
Material — % 


bo 
bo 


Casein 

Salt mixture 

Cellu flour 

Dextrin 

Crisco 

Halibut liver oil 

DL-tryptophan 

Indole 

Indole acetie acid 

2-acetylaminoflu- .06 .06 
orene 


Hor 
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proximately 33 calories was weighed out and 
presented in a food cup to which was added 
the daily supplement of crystalline vitamins. 

The composition of the diets is shown in 
Table I. Each diet contained approximately 
26% protein (casein), 52% carbohydrate 
(dextrin), 15% fat (crisco) plus adequate 
minerals and vitamins. The essential variants 
were 1.4% DL-tryptophan for diet 30; 0.8% 
indole for diet 31; 1.6% indole for diet 32; 
and 1.0% indole acetic acid for diet 33. Diet 
30 served as the control diet for this experi- 
ment and was similar in composition to the 
previously reported(3) experimental Diet 4 
except that the 1.4% DL-tryptophan was 
added to intact casein instead of the trypto- 
phane-free casein hydrolysate. All of the 
diets contained the same quantity or 0.06% 
2-acetylaminofluorene and the following vita- 
min supplement per kilo of diet: 


mg 


Thiamin 4 
Riboflavin 8 
Pyridoxine HCL 4 
Niacin 4 


Calcium pantothenate 20 
Choline HCL 2,000 
a-tocopherol 150 


Each rat was weighed and inspected for tu- 
mors once a week. At death, post-mortem ex- 


amination included description of all visible 
tumors, gross sectioning of lungs, bladder and 
mammary glands and inspection and weight of 
the liver, kidneys, adrenals, pituitary, thy- 
roid and sex glands. Representative sections 
of each of these tissues and organs were pre- 
served and examined microscopically. 


Results. Table II shows the number of rats 
in each group, average initial body weights, 
daily food consumption, and daily and total 
dose of 2-acetylaminofluorene ingested. The 
4 groups varied very little in either calorie or 
drug intake. Average daily caloric intake 
varied from 28 to 29 calories and average 
daily dose of 2-acetylaminofluorene ingested 
varied from 3.5 to 3.7 mg. 

Table III shows average post-mortem body 
weight and percentage weights of some of the 
organs from the rats of each group. The rats 
that received 1.0% indole acetic acid and 
1.6% indole lost more than 20% in total body 
weight. The group that received added DL- 
tryptophan lost an average of 15% in total 
body weight. Rats of the group that received 
0.8% indole sustained an average loss of 8%. 
The livers were proportionately larger in the 
rats that received DL-tryptophan and indole 
acetic acid than they were in the other groups 
and the thyroids were larger in the 2 groups 
that received indole. Otherwise there ap- 
peared to be no consistent differences in the 
organs that were weighed. 


Average survival period and percentage of 
induced neoplasms is shown in Table IV. A 
group of rats that received a synthetic diet 
deficient (0.14%) in tryptophan from a pre- 
vious experiment(2) has been included for 
comparison with the currently reported 
groups. Average survival period varied from 
334 days for rats on the diet containing 1.0% 
indole acetic acid to 436 days for the rats that 


TABLE II. Number of Rats in Hach Group, Average Initial Body Weight, Daily Food Con- 
sumption, and Dose of 2-Acetylaminofluorene. 


Daily Daily 
Group No, of Body wt ration ration Total dose Daily dose 
% rats (g) (g) (eal. ) AAF (g) AAF (mg) 
1.4 DL-tryptophan 12 124 5.9 28 1.3 3.5 
1.0 Indole aceti¢ acid 12 124 6.1 29 1.2 3.7 
.8 Indole 12 126 6.0 28 1.5 3.6 
| 6.2 29 1.6 3.7 


1.6 4 2 13] 
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TABLE IIT, Average Post Mortem Body Weight, and Percentage Weights of Some Organs. 
xeN0N—eNe60eé—woTylTw?0NDtl*>Nt*?’*0N0w>oT*o#060OO0 0—@—e—0=<SoOqw@aOe®eqOQ>=>ooo eee 


Group No.of Body = Organ wt in % of body wt ————————__ 
% rats wt(g) Liver Kidney Adrenal Pituitary Ovary Uterus Thyroid 
14 DL-tryptophan 12 105 17.6 1.2 04 OL 05 34 O1 
1.0 Indole acetic 12 95 18.1 1.4 04 01 05 4 OL 
acid 
-8 Indole 12 116 14.0 1.2 08 O01 04 B4 02 
eo, Pkg 12 97 10.3 2 £05 01 05 £36 .02 


TABLE IV. Average Survival in Days, and Percentage of Rats with Induced Cancers. 


Group Days to % with cancer of ———_, 

% No. of rats death Liver Har Breast Bladder 
1.4 DL-tryptophan 12 360 91 25 iby 75 
1.0 Indole acetie acid 12 334 83 25 0 58 
-8 Indole 12 407 83 25 ayy 83 
1.6 " 12 436 83 0 0 83 
14 DL-tryptophan 11 352 55 0 9 0 


received 1.6% indole. 

Liver cancers were observed in all groups. 
All but one of the rats on Diet 30 with the 
1.4% tryptophan added to intact casein and 
all but 2 rats in each group that received in- 
dole and indole acetic acid developed liver 
cancers. This may be compared with 8 out 
of 11 or 73% that developed liver cancers in 
the previously reported group that received 
1.4% added DL-tryptophan. As previously 
mentioned the livers were larger in the rats 
that received 1.4% tryptophan and 1.0% 
indole acetic acid than in the rats that re- 
ceived indole. The tumors also were notably 
larger in the rats of these 2 groups. 

Table V shows that malignant hepatoma 
(Fig. 1) were identified in all 11 of the rats 
that received 1.4% tryptophan and in 10 of 
the rats that received 1.0% indole acetic acid. 
Lung metastases (Fig. 2) composed of neo- 
plastic primary liver cells were identified in 
63 and 90%, respectively, of the rats of these 
2 groups. In addition, 4 of the former and 
6 of the latter had areas of cholangioma and 
adenocarcinoma. No metastases resembling 


these neoplasms were identified. Of the rats 
that received 0.8% and 1.6% indole 7 and 6, 
respectively, had neoplasms identified as mal- 
ignant hepatoma with lung metastases iden- 
tified in 4 and 2, respectively. In addition, 8 
rats in each of the indole-fed groups had liver 
tumors that were classified as cholangioma or 
adenocarcinoma (Fig. 3) probably of bile 
duct origin. Metastases (Fig. 4) from these 
tumors were identified in the lungs of 3 rats 
that received 0.8% indole and in one rat that 
received 1.6% indole. In general the liver 
tumors in the indole-fed rats were smaller 
and more discreet than in the rats of the other 
groups so that the apparent difference in mor- 
phology may have resulted from errors in 
sampling. Only representative sections from 
each liver and lung were examined micro- 
scopically and in the larger livers and tumors 
of the rats that received 1.4% tryptophan and 
1.0% indole acetic acid the tumors of bile 
duct origin may have been missed. 

In previous studies tumors of the external 
auditory meatus have been observed in about 
20% of Fischer line 344 female rats that have 


TABLE V. Classification of Induced Liver Neoplasms, and Percentage with Metastases. 


Cholangioma 


Group % with and adeno- % with 
% Hepatoma met. carcinoma met. 
1.4 DL-tryptophan 11 63 4 0 
1.0 Indole acetic acid 10 90 6 0 
.8 Indole 7 57 8 38 
6 ee 6 33 § 12 


ie! helt, BO : | > 
FIG. 1. Malignant hepatoma from rat 333 days after being placed on diet contai 
indole acetie acid and 0.06% acetylaminofluorene. & 272 


o. 


FIG. 2. Multiple metastases in lungs of rat with malignant hepatoma shown in Ives al 
x 272. 

FIG. 3. Adenocarcinoma of liver in rat 553 days after being placed on diet containing 
0.8% indole and 0.06% acetylaminofluorene. X 272, 

FIG. 4. Metastases in lungs of rat with adenocarcinoma of liver shown in Fig. 3. x 272, 

FIG. 5. Papillary carcinoma of bladder in rat 384 days after being placed on diet contain- 
ing 0.8% indole and 0.06% acetylaminofluorene. 272, 

FIG. 6. Squamous cell carcinoma of the bladder from rat 477 days after being placed on 
diet containing 1.6% indole and 0.06% acetylaminofluorene. > 272, 
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been fed 0.6% 2-acetylaminofluorene, In this 
study 3 rats or 25% in each of 3 groups had 
tumors of the external ear at death. All 9 were 
Squamous cell carcinoma. 

Adenocarcinomas of the mammary gland 
were found in 2 rats that received 1.4% tryp- 
tophan and in 2 rats that received 0.8% in- 
dole. 

Cancers of the urinary bladder were present 
in rats of all 4 groups. They were observed 
in 75% of the rats that received 1.4% DL- 
tryptophan; 58% of the rats that received 
1.0% indole acetic acid; and in 83% of the 
rats of the 2 groups that received indole. 

Previously bladder cancers were observed in 
100 and 929%, respectively, of the rats that 
received 1.4 and 4.3% DL-tryptophan added 
to a tryptophane-free casein hydrolysate but 
were not found in rats on a 26% casein diet or 
in rats on a synthetic diet deficient in trypto- 
phan that survived as long or longer than the 
rats that received added tryptophan or indole. 
The induced cancers were classified as papil- 
lary (Fig. 5) or squamous cell carcinoma 
(Fig. 6) or a combination of both types. In 
many instances the cancerous growth filled 
and distended the lumen of the bladder. From 
these results it is apparent that indole is as 
effective as tryptophan in the initiation of 
these neoplasms. 

Summary. 1. Fischer line 344 female rats 
were fed 2-acetylaminofluorene in synthetic 
diets containing 25% casein and supplements 


of 1.4% DL-tryptophan; 1.0% indole acetic 
acid; 0.8% indole and 1.6% indole. Liver 
cancers developed in 91% of the rats of the 
first group and in 83% of the rats of the other 
3 groups. 2. The majority of the liver neo- 
plasms in the rats that received 1.4% DL- 
tryptophan and 1.0% indole acetic acid were 
malignant hepatoma and lung metastases were 
present in 63% and 90% respectively. 3. The 
majority of the liver neoplasms in the rats 
that received 0.8% and 1.6% indole were 
cholangioma or adenocarcinoma and lung me- 
tastases from these tumors were identified in 
38 and 12%, respectively. 4. Cancers of the 
urinary bladder were observed in 75% of the 
rats that received 1.4% DL-tryptophan; 58% 
of the rats that received indole acetic acid and 
in 83% of the rats that received indole. In- 
dole appeared to be as effective as dietary 
tryptophane in the initiation of the bladder 
neoplasms. 5. The cancers of the urinary 
bladder were papillary or squamous cell car- 
cinoma. 
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Effect of Age at Ovariectomy on Mammary Gland Development in C3H/He 


Crgl Mice.* 


(24259) 


RICHARD S. SMITH AND Howarp A. BERN 
Department of Zoology, Cancer Research Genetics Laboratory, and Department of Anatomy, 
School of Medicine, University of California, Berkeley 


It is well recognized that in certain strains 
of susceptible mice, including the C3H strain 
(1,2), mammary tumors develop despite ovar- 
iectomy. The hormonal stimulus for genesis 
of these tumors has been ascribed to the adre- 
nal cortex which, in several strains, undergoes 
a tumorous change leading to so-called nodu- 


Jar hyperplasia or to carcinoma(1-6). 


* Aided by cancer research funds of the Univ. of 
California and by Am. Cancer Soc. grants. Dr. H. I. 
Pilgrim provided some of the mammary spreads used 
in this study; we are indebted to him and to Pro- 
fessor W. R. Lyons and Dr. S. Nandi for criticism of 


the manuscript. 
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TABLE I. Degree of Alveolar Development of Mammary Glands of Virgin C3H/He Crgl Mice Ovari- 
ectomized at Various Ages. 


No. and (%) of mice showing various degrees of No. of | 
Age at Mean age mammary alveolar development” mammary 
ovariectomy No.of at death & nodules 
(mo) mice range (mo) 3 2 1 + N 0 per mouset 
Controls 53 15 ( 8-26) 12(23) 26 (49) 15 (28) - _ —_ By -Ae ee e) 
(1 no T)t 
2 8 23 (23) - 2(26) 3(87) 3 (387) — — 6441.8 
(1noT) (lnoT) (3noT) 

3 15 17 (13-23) — 2113), SS (2027) 4(27) 2 (13) 14.9 + 4.7 
(2 no T) 

+ 19 15 ( 9-26) -— — — 2(10) 14(74) 3 (16) 11.5 = 239 
(1 0 TE) Cine) 

5 21 13 -( 8-30) — Ine 5) —- 29 y 1G CTT pee 10.3 + 2:33 

(2n0T) (8noT) 

6.5 29 16 (12-27) — — = — 24 (83) 5 (17) 11.2 = 251 
(2n0T) (2noT) 

8.5 11 17 (11-21) — — — — 10:(91); 39) 14.7 + 3.5 
(1no T) (1no T) 

* Rating scheme for mammary gland alveolar development: 0 = completely devoid of alveoli and 

nodules; N = devoid of normal alveoli, but hyperplastic nodules present on otherwise bare ducts (as in 


a 


Fig. 3 and 4); + = occasional alveolar buds and isolated alveoli; 


= isolated alveoli and small elus- 


ters; 2 = many alveoli and small clusters (as in Fig. 2); 3 = definite lobuloalveolar development (as in 


Fig. 1). 
+t Mean + stand. error of mean. 


i ‘*no T’’ = No. of mice in group without gross or microscopic tumors. 


The mammary glands of mice ovariecto- 
mized before 2 months of age have been exam- 
ined in certain strains. The C3H(2) and 
NH(4) strains showed less ductal and alve- 
olar development than the non-ovariecto- 
mized controls; however, hyperplastic nodules 
were present in all groups. In the ce strain 
(3) the majority of the animals exhibited 
ductal development as the only form of mam- 
mary gland development; however, about 
25% of the animals over 12 months old 
showed some alveolar development. In this 
strain no hyperplastic nodules were observed. 

The present investigation was undertaken 
to determine whether ovariectomy performed 
at different ages would produce differences in 
state of stimulation of the mammary gland of 
our C3H/He strain at the time of mammary 
tumor development. 

Materials and methods. A total of 148 vir- 
gin female mice of the C3H/He Crgl strain 
was used in this experiment. The experi- 
mental groups consisted of 15 animals bi- 
laterally ovariectomized at 3 months of age, 
19 at 4 months, 21 at 5 months, 29 at 6.5 
months, and 11 at 8.5 months, Fifty-three 


animals were maintained as unoperated virgin 
controls. In most cases the animals were 
maintained until palpable mammary tumors 
appeared, at which time they were sacrificed. 
Twelve percent of the experimental animals 
died before showing tumors, and an additional 
4% failed to develop tumors and were sacri- 
ficed between 23 and 30 months of age (non- 
tumorous mice are indicated by “no T” in 
Table I). In addition, 8 animals serving as 
part of another experiment are included in 
Table I. This group was bilaterally ovariec- 
tomized at 2 months of age and sacrificed at 
23 months of age. 

At autopsy, the mammary glands were pre- 
pared as whole-mounts and stained with he- 
matoxylin. The number of hyperplastic 
nodules and presence of mammary tumors 
were recorded. The state of alveolar develop- 
ment of the mammary gland was evaluated ac- 
cording to the rating scheme indicated in 
Table I. It is to be emphasized that judgment 
of degree of alveolar development was made 
without regard to extent of elaboration of the 
duct system and hence without regard to total 
mass of the gland. 
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All photographs are of whole-mounts of a No. : 


e 


mammary gland stained with hematoxylin. xX 5. 


All mice possessed palpable tumors. 
FIG. 1. Control showing considerable lobuloalveolar development and several hyperplastic 


nodules (13 mo old at death). 
FIG. 2. 
plastic nodules (23 mo old at death). 
FIG. 3. 


Ovariectomized at 2 mo showing many alveoli and smail clusters as well as hyper- 


Ovariectomized at 5 months showing hyperplastic nodules on otherwise bare ducts 


as the only form of alveolar development (16 mo old at death). 
FIG. 4. Ovariectomized at 6.5 months showing hyperplastic nodules, bare ducts, and a small 


tumor (15 mo old at death). 


Results. Nodular hyperplasia of the 
adrenal cortex was evident in all experimental 
animals. At tumor age, the mammary gland 
ducts of the control animals were well devel- 
oped and possessed many thin branches, in 
addition to showing active duct growth as in- 
dicated by terminal buds and “club ends.” 
There was appreciable alveolar development 
in the control group varying from glands 
showing diffuse alveolar development with 
few lobules of alveoli to glands showing defi- 
nite lobuloalveolar development (Fig. 1). 
Hyperplastic nodules were present in the 
mammary glands of all of the control animals, 


averaging 32 per animal, approximately 3 
times the average number (12) seen in all the 
experimental groups. 

The mammary ducts of the experimental 
groups showed considerably less branching 
than the controls (Fig. 1 and 2). Degree of 
branching was usually more extensive in ani- 
mals castrated at later ages than those cas- 
trated at an early age (Figs. 2 and 4). In the 
groups castrated at 2, 3, and 4 months of age, 
wide ducts with short, thick branches pre- 
dominated. Evidence of active duct growth 
was observed in some members of all experi- 
mental groups. 
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The mammary glands of animals ovariec- 
tomized at 2 months of age had fairly exten- 
sive alveolar development ranging from local- 
ized development of alveolar buds to large 
numbers of alveoli and many lobules. The 
average picture was that of alveoli through- 
out the glands with some lobule formation 
(Fig. 2). Uteri from these mice were large 
and showed cystic glands. 


Ovariectomy at 3 months of age resulted in 
mammary glands with a wide range of alveo- 
lar development, 7.e., no alveolar development 
to large numbers of alveoli with some lobule 
formation. In 27% of the animals the only 
form of alveolar development was that of hy- 
perplastic nodules on otherwise bare ducts. 


Ovariectomy at 4 months resulted in a 
larger percentage (74%) of animals posses- 
sing hyperplastic nodules as the onlv form of 
alveolar development, with a small number 
showing either slight or no alveolar develop- 
ment. 


Ovariectomy at 5 months resulted in ap- 
proximately the same picture (Fig. 3) as that 
of the 4-month group, but included one ani- 
mal with fairly extensive alveolar develop- 
ment. This exceptional animal possessed very 
large adrenals (totaling 24 mg) and a cystic 
uterus. 

83% (24 mice) of the mice ovariectomized 
at 6.5 months showed glands containing hy- 
perplastic nodules on otherwise bare ducts as 
the only representation of alveolar develop- 
ment (Fig. 4). Seventeen percent (5 mice) of 
this group possessed glands with neither alve- 
oli nor nodules, although 3 of these mice had 
palpable tumors. Ovariectomy at 8.5 months 
resulted in essentially the same pattern as 
that of the 6.5-month castrate group. Uter- 
ine development in these two older groups was 
similar to that seen in the non-operated con- 
trols. 

Within a single experimental or control 
group, there was no correlation between age 
at death (generally the same as tumor age) 
of the individual animal and degree of mam- 
mary gland development. 

Discussion. Nandi(7) has determined for 
the C3H/He Crgl mouse that the minimum 
hormonal combination necessary for lobulo- 


alveolar development of the mammary gland 
is estrogen, progesterone, and somatotropin or 
mammotropin. Relating these findings to the 
present investigation, it would appear that 
the nodular hyperplastic adrenal, at least in 
mice ovariectomized at 2 and 3 months of 
age, elaborates estrogen-like and progesterone- 
like substances in sufficient quantities to ac- 
count for the observed lobuloalveolar devel- 
opment. In the groups ovariectomized at late 
ages (6.5 and 8.5 months), the nodular hyper- 
plastic adrenal cortex contributes to a hor- 
monal environment that is sufficient for in- 
duction and/or maintenance of hyperplastic 
alveolar nodules of the mammary gland but 
not of normal alveolar development. Thus, 
the steroid hormonal requirements for nodule 
formation, as opposed to generalized alveolar 
development, can be defined in terms of the 
secretions of the transformed adrenal cortex 
of a mouse ovariectomized late in life. This 
latter adrenal appears to be less efficient in re- 
placing the ovary than is the adrenal from a 
mouse ovariectomized at an earlier age, 
judged both by mammary development and by 
uterine size. 

Summary. C3H/He Crgl virgin female 
mice were ovariectomized at approximately 
monthly intervals between 2 and 8.5 months, 
and the mammary glands were examined at 
the time of mammary tumor development. 
Normal alveolar development of the mam- 
mary gland was greatest in animals ovariec- 
tomized at an early age and less in animals 
ovariectomized at later ages. In mice ovariec- 
tomized at 6.5 and 8.5 months, normal alveo- 
lar development was absent, the sole alveolar 
development being in the form of hyperplastic 
nodules. The secretory products of the trans- 
formed adrenal in the older mice thus appear 
to be adequate for development of hyperplas- 
tic nodules, but not for normal alveoli. 
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Differences in Inositol Requirements of Several Strains of HeLa, 


Conjunctival and Amnion Cells.* 


(24260) 


R. SHTIHMAN CHANG} 
Department of Microbiology, Harvard School of Public Health, Boston, Mass. 


A minimal growth medium consisting of 27 
factors capable of supporting the propagation 
of several strains of human cells for at least 
several months had been described by Eagle 
(1). Eagle and his associates(2) also reported 
that meso-inositol was an additional essential 
growth factor and that the requirement of the 
HeLa cell for inositol was irregular and was 
dependent on method of dialysis. Geyer and 
Chang(3) found that the HeLa and the con- 
junctival cells would show advanced degener- 
ative changes after 4-7 days in Eagle’s mini- 
mal growth medium, that addition of inositol 
prevented the appearance of cell degeneration, 
and that the HeLa cell regularly required in- 
ositol. Since the minimal growth medium de- 
scribed by Eagle is an important advance in 
the methodology of human cell culture, these 
conflicting reports prompted us to explore the 
basis of this irregularity. Among the factors 
studied are differences between strains of a 
cell, difference between stable laboratory cell 
lines and primary cell explants, contamination 
of cell culture by the pleuropneumonia-like 
organisms, and spontaneous appearance of nu- 
tritional variants and the extent of dialysis of 
serum. The results of these studies form the 
basis of this report. 


Materials and methods. The methods were 
those described earlier(4). The minimal 
growth medium for determination of inositol 
requirement of the various strains of human 
cells consisted of 10% dialyzed human or 
horse serum in Eagles basal medium(1) plus 
inositol at concentration of 10 to 20 »M. The 
withdrawal of inositol resulted in advanced 


* This investigation was supported in part by a 
research grant from the Nat. Inst. of Health. 
+ Senior Research Fellow, U. S. P. H. S. 


degeneration of the inositol-requiring strains 
within 5 to 10 days. Total inositol content of 
serum was analyzed, using Saccharomyces 
cerevisiae as assay organism(5). 


Results. Differences in HeLa strains from 
several laboratories. The inositol require- 
ment of several strains of HeLa cells, kindly 
furnished by other investigators, was deter- 
mined. The strain maintained in the author’s 
laboratory since 1954 invariably degenerated 
in the minimal growth medium without inosi- 
tol. The strain obtained from Dr. B. Roiz- 
man, Johns Hopkins University, was found to 
propagate at approximately the same rate in 
the minimal growth medium with or without 
inositol for 14 days (Table I). Several other 
strains were found contaminated with a pleu- 
ropneumonia-like organism and were observed 
only for 7 days in the presence of the con- 
taminant; 4 degenerated completely in me- 
dium without inosite! while one gave incon- 
clusive results. 

Difference in conjunctival strains main- 
tained in different growth media. ‘The stock 
culture has been found on numerous occasions 
to degenerate in the assay medium without 
inositol(3). A subculture maintained in a 
0.1 mM glucose medium (10% dialyzed se- 
rum in Eagle basal medium with the concen- 
tration of glucose reduced to 0.1 mM and with 
addition of inositol to a cencentration of 10- 
20 »M) for about 6 months failed to show 
similar changes. It showed a definite though 
small net increase in cell number during the 
first 2 weeks in the assay medium without in- 
ositol, and has since been propagating for at 
least 2 months (Table I). 

Difference between a stable strain and fresh 
explants of amnion cells. The FL strain of 
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TABLE I. Multiplication or Degeneration of Sev- 
eral Strains of HeLa, Conjunctival and Amnion 
Cells in Minimal Growth Media with and without 


Tnositol. 
No. of cells on days 
Inositol INGO 
Cell strain in media 0 7 14 28 
HeLa (Chang) 0 18 0 0 
10 uM a 00 nr 
HeLa (Roizman) 0 20 70 246 
10 uM 20 105 296 
Conjunctival 0 23 0 
(stock) 10 uM 23 430 
Conjunetival 0 16 15 33 
(.1mM glucose) 10 uM 16] 417 113 
Amnion (FL) 0 17 0 
10 »M 17 258 
Amunion (fresh 0 LS Get 9) Lee 
explants) 10 uM 136 66 22 9 
Whole 136 134 334 
serum t 


* Avg No. of cells in thousands/culture tube. 
+ Same as assay medium except undialyzed serum 
was used. 


amnion cell, isolated by Fogh(6) degenerated 
completely in the assay media without inosi- 
tol. With cell suspensions freshly prepared 
from 3 human placentae by the trypsin meth- 
od, no apparent difference could be observed 
in the assay media with or without inositol. 
It should be pointed out, however, the fresh 
amnion cell explants failed to show any net 
increase in number of cells over the observa- 
tion period of 4 weeks in the assay media. 
The minimal growth medium is apparently 
less adequate in supporting growth of fresh 
amnion cell explant as compared to a medium 
containing undialyzed serum (Table I). 

The results presented in Table I are those 
of representative quantitative experiments. 
Variations in the results of different experi- 
ments did exist; they were the date of onset 
of degeneration, date of apparent completion 
of degeneration and actual net increase in cell 
number. However, the pattern of advanced 
degeneration of inositol-requiring strains and 
varying degree of multiplication of inositol- 
independent strains when tested in the inosi- 
tol-free medium has been consistently ob- 
served in every experiment. Clone lines from 
the Roizman and Chang strains of HeLa as 
well as the stock and .1 mM glucose conjunc- 
tival cells also gave similar results. 
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Isolation of inositol-independent variant 
through deliberate selection. The relative 
frequency of inositol-independent cells present 
in the inositol-requiring culture was explored 
using a method similar to that used success- 
fully for isolation of carbohydrate variants(7). 
At each attempt, 3 to 5 million cells from 
the inositol-requiring culture were exposed to 
the minimal growth medium without inositol; 
the inositol-free medium was replenished on 
the 3rd, 5th and 7th days, then at weekly in- 
tervals until the appearance of inositol-inde- 
pendent variant or the end of 2 months if no 
variant developed. Advanced degenerative 
changes regularly appeared on about the 7th 
day which proceeded to completion except in 
one instance. Seven attempts have been 
made with the inositol-requiring HeLa strain; 
no inositol-independent variant has yet been 
isolated. With the conjunctival cell, only 1 
of 12 trials was successful; several colonies 
of inositol-independent cells appeared about 
2 weeks after onset of advanced degeneration 
of the parent culture. This variant continued 
to propagate in the inositol-free medium in- 
creasing by about 10-fold per week for about 
6 months, after which it degenerated com- 
pletely. 


Influence of extent of dialysis of serum. 
Four sera were dialyzed against 40 times their 
volume of 0.85% NaCl with stirring at about 
20°C for 2 hours and aliquots were further 
dialyzed against 8 more changes of 0.85% 
NaCl for 2 days at 4-10°C. These sera were 
tested for their ability to prevent degenera- 
tive changes of the inositol-requiring HeLa 
and conjunctival cells; both cells showed ad- 
vanced degenerative changes whether serum 
dialyzed for 2 hours or 2 days was used. This 
is in agreement with the reported high con- 
centration (1 to 4 »M) of inositol required 
by these cells(2,3). Three of these sera were 
analyzed for inositol. A sizable portion of 
serum inositol is not dialyzable and most of 
the dialyzable inositol is removed after 2 
hours (Table II). Thus, the inositol-“free” 
medium contained about 0.5 »g of non-dialy- 
zable inositol per ml which is presumably not 
utilized by the inositol-requiring cells; and, 
the inositol-“independent” cell may have be- 
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TABLE II. Total Inositol Content of Dialyzed 


Sera. 
=e 
: Total inositol, ug/ml 


; Dialyzed Dialyzed 

Serum Pre-dialyzed 2 hr 2 days 

Horse #1 8.4, 8.0" 5.25.0 4.9, 53 

Human (pool) 9.0, 9.0 notassayed 5.3, 5.0 
#1 8.8, 9.1 5.0, 4.1 : 


Gels Ov 


* Results of duplicate samples. 


come independent of added inositol through 
its acquired property to use the non-dialyzable 
inositol. 


Presence of vitamins in extensively dialyzed 
serum. The finding that about one-half of 
the serum inositol is not dialyzable prompted 
us to determine the presence of other vitamins 
in a dialyzed serum. A horse serum dialyzed 
against 10 changes of 10 times its volume of 
0.85% NaCl at 0-10°C for 96 hours with con- 
stant stirring was assayed (Wisconsin Alumni 
Research Foundation) with the following re- 
sults (expressed as amount per 100 ml dia- 
lyzed serum): 37 units Vit. A, 60 U.S.P. units 
Vit. D, 16 mg choline, 0.3 pg Vit. By, about 
30 myg biotin, 1.4 wg folic acid, 2 ug of pyri- 
doxine, 58 wg pantothenic acid and 1.2 pg 
thiamine. 


Lack of correlation between PPLO con- 
tamination and inositol requirement. Some 
cell strains are known to have been contam- 
inated by pleuropneumonia-like organisms(8 ) 
without any associated signs of contamination 
such as cell degeneration, turbidity of medium 
and rapidly decreasing pH. It is perceivable 
that some of the nutritional studies reported 
previously may have been made with PPLO 
contaminated cells. It seems, therefore, de- 
sirable to determine if inositol requirement is 
related to PPLO contamination. Table III 
tabulates the status of PPLO contamination 
and inositol requirements of various cell 
strains; no relationship could be established. 
However, the effect of PPLO contamination 
on minimal concentration of inositol required 
cannot be determined from these data. 

Discussion. The finding that strains of 
HeLa cell maintained independently in dif- 
ferent laboratories differed in their inositol 
requirement seemed to explain satisfactorily 
the conflicting reports on the inositol require- 
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ment and the adequacy of Eagle’s minimal 
growth medium. That such a_ difference 
should exist is not surprising since human 
cells in continuous cultivation resemble uni- 
cellular organisms(9) and since variability is 
an attribute of many unicellular organisms 
undergoing prolonged cultivation. Consider- 
ing that the conditions for growth of these 
cells are not clearly defined, it is surprising 
that differences in the specific requirement for 
a growth factor between stock cultures of a 
human cell line have not been reported earlier. 
The ability of the inositol-requiring conjunc- 
tival cell, after being maintained in the 0.1 
mM glucose medium which contains about 2 
yg of inositol per ml, to propagate in the inosi- 
tol-free medium deserves some emphasis. This 
suggests that the inositol-requiring culture 
acquired its inositol-independent property 
through a mechanism other than the deliber- 


TABLE III. Lack of Correlation between PPLO 
Contamination and Inositol Requirement. 


Date Tnositol 
Cell strain* tested PPLOt requirement 
HeLa’ (Chang) 1956 + Required 
1957 — i 
1958 — Ne 
(Roizinan ) 1957 == Not required 
1958 aie ” 9 
(Eagle) 1957 + Required 
si #1 (Hagle) 1958 + a 
os 2 (Eagle) 1958 + Inconelusivet 
(Kunz) 1958 — Required 
S3 (Barton) 1958 + ig 
Conj.§ (wild) 1956 + Required 
1957 == a 
1958 — - 
(.1mM glucose) 1958 = Not required 


* Type 3 adenovirus produced characteristic cy- 
topathogenie changes in all strains listed. 

+— indicates failure to demonstrate PPLO by 
methods currently used (to be published by Dr. 
BE. S. Murray). It is not certain when and where 
these cells were contaminated by PPLO prior to 
actual testing. 

t No degeneration could be observed after 7 
days in inositol-free medium; experiment was not 
continued because it is undesirable to work with 
PPLO contaminated cultures. 

§ These cultures had been treated with 50 units 
of tetracycline/ml medium for about 2 wk around 
Jan. 1957 and have since been tested at regular 
intervals and found negative for PPLO contamina- 
tion in presence of 50 units of penicillin and 50 yg 
of streptomycin/inl medium. Such treatment has 
not been regularly successful in eliminating PPLO 
from all cultures. 
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ate use of a defined selecting environment. 
The difficulty in isolating an inositol-indepen- 
dent culture through deliberate selection using 
an inositol-free medium tends to support this 
hypothesis. It is conceivable that unsuspected 
changes in the nutritional requirement of a 
cell culture could occur and thereby con- 
tribute toward further conflicting results. The 
role played by the serum protein component 
of the minimal growth medium is not known. 
A large number of substances, biologically 
active in low concentration are known to be 
present in dialyzed serum. Some of these 
substances are the enzymes, vitamins, hor- 
mones and trace metals. Thus, medium con- 
taining serum proteins should be considered 
non-chemically defined. Sera from various 
sources are known to influence cell propaga- 
tion in a number of ways(4,10). The failure 
to demonstrate inositol as an essential for 
fresh explants of human amnion cell under 
the described experimental condition is also 
of interest. It suggests that caution is desir- 
able in the generalization of data obtained 
through study with stable laboratory strains 
of human cells. 

Summary. Under the described experi- 
mental conditions, qualitative differences in 
the inositol requirement of the following hu- 
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man cells have been found: 1) between sev- 
eral wild strains of HeLa cell obtained from 
several laboratories; 2) between a wild strain 
of conjunctival cell and a subculture propagat- 
ing in a low glucose medium, and 3) between 
a stable laboratory strain and fresh explants 
of human amnion cells. The significance of 
these findings was discussed. 


The author is grateful to Drs. J. C. Snyder and 
R. P. Geyer for their interest and suggestions in this 
work, and to Dr. E. S. Murray for his help in diag- 
nosing PPLO contamination. 
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Deposition of Fluoride in Soft Tissues Following Skeletal Saturation.* 


(24261) 


Martin J. WAGNER,! GEORGE K. STOOKEY, AND JOSEPH C. MUHLER 


Department of Chemistry, Indiana University, Bloomington and Indianapolis 


The significant reductions in dental caries 
as a result of communal fluoridation can no 
longer be questioned. However, the biological 
effect of fluoride ingested at the level used to 
fortify fluoride-deficient water on tissues other 
than the dental structures has received little 
attention because: (1) determination of these 
micro-quantities of fluoride requires special- 
ized analytical technics; and, (2) the almost 


* This study was supported in part by a grant from 
the Indiana State Board of Health, Indianapolis. 
+ U.S.P.HLS. Predoctoral Fellow of the N.I.D.R. 


immeasurably small quantities of fluoride 
found in tissues other than the teeth and skele- 
ton had until recently been considered negli- 
gible. In addition, fluoride ingested at the 
level of 1 »g/ml is thought to be detoxified 
rapidly by excretion in the urine and incor- 
poration into the skeleton. Recently, how- 
ever, Muhler(1) and Buttner and Muhler(2) 
have shown that certain dietary factors (as- 
corbic acid and fats) increase fluoride reten- 
tion both in the skeleton and in certain spe- 
cialized soft tissues. It is important, then, to 
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determine both distribution of fluoride in the 
skeleton and in the soft tissues when rats are 
given fluoride over prolonged periods of time, 
and to determine if fluoride is retained in soft 
tissues at a greater rate following skeletal 
saturation. This study was designed to in- 
vestigate distribution of fluoride in the heart, 
liver, kidney, femur, sternum, and carcass, 
when rats are given amounts of fluoride con- 
sidered optimal for children using water from 
communal fluoridation sources. 


Materials and methods. A total of 93 
weanling Sprague-Dawley strain rats were di- 
vided according to weight into 2 groups. 
Group I (52 animals) received exactly 1.0 
mg F (as NaF) daily by stomach tube. Group 
II (41 animals) served as control and were 
not stomach-tubed. All animals were housed 
in large wire-screen cages, and were given 
fluorine-free drinking water and a low-fluor- 
ide (F = 0.5 pg/g) stock corn diet ad libitum. 

At intervals of 15 days, 6 animals from 
each group were sacrificed. Both kidneys, the 
liver, heart, femur, and sternum were removed 
from each animal and analysed for fluorine by 
methods previously described(3). In prepara- 
tion for analysis the tissues were placed in 
small silica dishes and dried in vacuum des- 
sicators to constant weight. An accurately 
weighed 0.30 g sample of low-fluoride CaO 
was then added to each dish, the contents 
moistened with fluorine-free water, dried un- 
der infared lamps, and ashed in a muffle fur- 
nace for 6 hours at 600°C. Femurs were 
freed of soft tissue, charred under infared 
lamps, and similarly ashed at 600° for 6 
hours. 

After the desired tissues had been removed, 
the skinned carcasses were placed in silica 
dishes, charred over Meker burners, and ashed 
for 6 hours. For analysis, a homogeneous, 
powdered aliquot of femur, sternum, or car- 
cass ash was placed directly in the perchloric 
acid distillation flask. 

Results. Fig. 1 presents the results of fluor- 
ide analysis of the various tissues studied. 
All of the soft tissues contained less than 3 
ug total fluoride, even after ingestion of over 


+ The numerical figures for fluoride content will 
be sent to anyone interested upon request. 
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FIG. 1. Fluoride content of tissues of animals 


given 0 or 1 mg F daily and determined at 15-day 
intervals. (Each point represents mean of 6 ani- 
mals. ) 


90,000 ug of fluoride. More significant is the 
fact that there were no trends suggesting that 
fluoride content would increase measurably 
with ingestion of additional fluoride. 

Fluoride content of the carcass increased 
markedly throughout the experiment, reaching 
a value of over 40 mg after 90 days of fluoride 
ingestion. The proportion retained, expressed 
as % of fluoride given, decreased from a maxi- 
mum of 65% after 15 days of fluoride inges- 
tion to an average 45% retention for the en- 
tire 90-day period. 

The method of preparation of tissues for 
analysis was adopted after an extensive in- 
vestigation was made of several procedures de- 
signed to (1 provide adequate fixation of fluor- 
ide during ashing; and (2 give a reproducible 
basis for calculation of fluoride concentration. 
Methods included (a) vacuum drying, (b) 
oven-drying, (c) homogenizing, and (d) freez- 
ing, all of which were followed by addition of 
calcium oxide and ashing. Procedure (a), 
used in this study, was found to be the most 
accurate and convenient for these purposes, 
as well as for satisfying the other require- 
ments of the analytical procedure. 

Some authorities(4,5) have advocated an 
elaboration of the general fluorine analysis 
procedure when undertaking analysis of tis- 
sues or blood which contain — significant 
amounts of iron and other interfering sub- 
stances. A standardization curve obtained on 
blood samples by adding known amounts of 
fluoride to small quantities of blood and sub- 
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FIG. 2. Comparison of wt gain of animals given 
1 mg F daily (Group I) with that of control ani- 
mals (Group II). 


jecting the ashed samples to analysis gave a 
curve which did not differ significantly from 
the curve obtained for analysis of pure fluor- 
ide solutions. The difference between the two 
curves was well within the experimental error 
of the general analysis curve for these amounts 
of fluoride. These results suggest that if ex- 
treme care is taken in determination of tissues 
with a low fluoride content, the standard 
analysis procedure can be used, particularly 
if other variables in the experiment are well- 
controlled. 


Comparison of growth rates of the 2 groups 
of animals used in this study is presented in 
Fig. 2. The effect of fluoride at this concen- 
tration on weight gain is unmistakable. De- 
crease in weight gain in the fluoride group, 
however, has occurred with no significant in- 
crease in soft tissue fluoride content. 


Discussion. Retention of fluoride in the 
carcass decreased noticeably after the period 
of rapid skeletal growth, at about 70 days of 
age, indicating that one factor in skeletal re- 
tention of fluoride is rapid turnover of the 
skeletal tissues during growth. Savchuck and 
Armstrong(6), and Miller and Phillips(7), re- 
ported that there was a greater uptake of 
fluoride by the femurs of young animals than 
with mature rats. Accretion of fluoride during 
rapid skeletal growth results from two 
mechanisms: (a) incorporation of fluoride 
into the tissues as they grow and increase in 
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size; and (b) greater metabolic activity of 
the constituents of newly-formed bone, with 
accompanying greater deposition of fluoride. 
Perhaps a third factor, i.e., absence of appre- 
ciable amounts of previously deposited fluor- 
ide, should also be considered. 


Closely allied to this age-growth factor in 
its influence on fluoride retention is the in- 
trinsic metabolic turnover rate of different 
tissues, as illustrated in the results of femur 
and sternum analysis. Concentration of fluor- 
ide in the femur was always greater than in 
the sternum, when based on ash weight. 
Fluoride deposition in bone of the same age 
may be dependent on vascularity of the bone, 
with consequent greater retention in bones 
having the higher blood supply. It has been 
assumed in the past that if soft tissues were 
to retain fluoride, this would begin to occur 
as the primary deposition site, the skeleton, 
approached fluoride saturation with the result 
that fluoride would not be as readily retained 
in the skeleton and would be deposited in the 
soft tissues. During the last 15 days of this 
90 day study period only 14% of the ingested 
fluoride was retained by the skeleton com- 
pared to 65% retained initially. This sug- 
gests that saturation was being approached 
asymtotically. The final tissue fluoride val- 
ues under these conditions were, however, 
well within the range of controls not receiving 
fluorine. Evidently fluoride not retained in 
the skeletal tissues was excreted rather than 
being secondarily deposited in vital tissues. 
This suggests that in the normal animal or- 
ganism a situation favorable to the animal ex- 
ists with regard to relative magnitudes of the 
equilibrium constants in the following equili- 
bria: 

[|Cireulating F-] 
es tae tas SS 
[ Tissue F>] 5 [ Bone F-] 
| Urinary F-] 


Thus, when the organism has had little pre- 
vious exposure to fluoride, resulting in a small 
Bone F-, ky >k,3>>ky. However, as satura- 
tion of the skeleton is approached, ky may as- 
sume some magnitude, permitting a_ trend 
toward higher levels of circulating plasma 
fluoride. From these studies it would appear 


that ks> >k,, so that labile fluoride is rap- 
idly e~creted. Nothing is known at present of 
the relative magnitudes of ky and k; or of the 
toxic consequences of a rapid turnover of 
fluoride through tissues in which only a trace 
amount may be found at any one time. Con- 
ceivably these equilibria could be altered by 
pathological conditions, particularly by renal 
disorders, which would decrease the constant 
ks in relation to ky, or by endocrine dysfunc- 
tion, causing increased turnover of skeletal 
constituents, an increase in ks, with corre- 
sponding rise in level of circulating plasma 
fluoride. Investigation of these dynamic as- 
pects of fluoride metabolism clearly is needed. 

Summary. Administration of 1 mg F daily 
for 90 days to weanling rats failed to demon- 
strate any increase in fluoride content or con- 
centration of heart, liver, or kidney, even as 
fluoride saturation of the skeleton was ap- 
proached. Fluoride content of the carcass, 
femur, and sternum increased markedly with 
fluoride ingestion but rate of retention de- 
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creased throughout the experiment, particu- 
larly after attainment of skeletal maturity. 
Although no increase in soft tissue fluoride 
was demonstrated, the toxic effect of this level 
of fluoride (1 mg per rat per day) was demon- 
strated by the decreased weight gain of the 
fluoride animals when compared to the con- 
trol group. 
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Serum Gamma Globulin and Trypanosoma cruzi Agglutinin in Embryonic, 


“Normal” and Germ-Free Chickens.* 
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The transmission of maternal serum pro- 
teins and antibodies to chick embryos via the 
yolk has been established by various investi- 
gators(1-3). The serum proteins of the de- 
veloping embryos show progressive changes 
with age; Marschall and Deutsch(2) found 
low levels of gamma globulin in the serum of 
the 11-day embryo; later this serum fraction 
appeared in increasing amounts until after 
hatching. Brandly et al.(1) reported the ab- 
sence of Newcastle virus antibody in the sera 


* This investigation was supported in part by a 
grant from the Smith Kline and French Foundation. 

+U. S. Public Health Service Research Fellow of 
the Nat. Cancer Inst. Present Address: Dept of 
Microbiology, Johns Hopkins School of Medicine, 
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of 11-day embryos; they showed significant 
amounts of this antibody in the sera of 15- 
day-old, and high titers in the sera of 18-day- 
old embryos. Similar developmental patterns 
of Trypanosoma cruzi agglutinin in the sera 
of developing chick embryos was demonstrated 
by Borsos and Warren(4). It was also shown 
that germ-free chicks 86 days of age or older 
were devoid of detectable T. cruzi antibody. 
In contrast, all “normal” adult controls con- 
tained this factor in high titer. Recently, it 
was reported that the sera of 8 to 17-week-old 
germ-free chickens contained less gamma 
globulin than the “normal” controls; how- 
ever, no difference was found between “nor- 
mal” and germfree birds 4 to 8 weeks of age 


(5). 
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FIG. 1. Electrophoretic patterns of chicken sera. 1—15-day-old embryo. 2—2-day-old ‘‘nor- 


mal’? chick. 


3—28-day-old ‘‘normal’’ chick. 4—‘‘normal’’ adult. 


5—24-day-old germ-free 


chick. 6—30-day-old germ-free chick. 7—313-day-old germ-free chick. 


Considering these results, a correlation was 
expected between 7. cruzi agglutinin and se- 
rum gamma globulin levels in chickens. 

The purpose of this work was to study by 
paper electrophoresis the gamma_ globulin 
content of sera from developing embryos and 
from “normal” and germ-free chickens of dif- 
ferent ages. Simultaneously, the presence of 
T. cruzi agglutinin in these sera was deter- 
mined and correlated to gamma globulin con- 
tent. 

Materials and methods. ‘he brasil strain 
of T. cruzi was maintained in culture as de- 
scribed by Warren(6). The technic for anti- 
body assay will be described elsewhere in de- 
tail. Briefly, 1/10 dilutions of sera inacti- 
vated at 56°C for % hr. were tested against 
the culture forms of the organisms; the mix- 
tures were sampled at time intervals and ob- 
served in the light microscope. 4-+ denotes 
agglutination of all organisms, 0 denotes no 
visible agglutination at 90 minutes. 

“Normal” sera were obtained from blood 
of laboratory hatched and reared White Leg- 
horn chickens. ‘The animals were bled by 
heart puncture or from the wing vein. The 
tubes with the clotted blood were stored 
usually overnight at 4°C; after centrifuga- 
tion the sera were stored at —20°C. 

Embryonic blood was obtained from a 
blood vessel of the chorioallantoic membrane 


and was handled similarly to adult chick 
sera(3). 

Paper electrophoresis was performed in a 
cold room at 4°C with a Na-barbital-barbi- 
turic acid buffer at pH 8.6, ionic strength 0.1 
for 5 hrs. under 400 volts and 10 milliamps 
Gis 

After electrophoresis the papers were 
stained with brom-phenol blue. The protein 
patterns were photographed from the paper 
strips with an automatic recording photome- 
tert and integrated. Since all the electro- 
phoretic analyses were performed under the 
same conditions and the strips treated the 
same way, it is possible to compare the varia- 
tions of gamma globulin levels to the adult 
“normal” sera. 

Sera of germ-free chicks were generously 
supplied by Dr. T. G. Ward, Lobund Inst., 
Univ. of Notre Dame. They were shipped in 
dry ice and were stored at —20°C. 

Results. A total of 46 sera were analyzed 
for gamma globulin content and T. cruzi ag- 
glutinating activity. 

Fig. 1 presents a few typical electropho- 
retic patterns of sera from animals of differ- 
ent ages and rearing conditions. It is seen 
that the serum fractions vary extensively with 
the age of the donor bird. For this reason, in 
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the 


107 


cruzi Agelutinin Indices of Chicken Sera. 


Tmbryonie 


Age, days Pale Layee The 18 18" 7s 

% gamma g. Neueouw oe (85 220) 116 “20 15 

Aggl. index 0 ® i 1+ 1+ 84-14 o+ 
Young ‘‘normal’? 

Age, days 2 2 ) 5 5 5 «(99 99 99 29 29 5) 

» Bay a Be 5 t eae Pees ee eae noe ees (Oke ok ee 
% gamma g. 50 33 85 20 70 60 60 60 30 35 20 20 35 20 15 
. Steet a 
Aggl. index 3+ to 4+ ned. 3-+ 44.95 24+ 24 14 24 14 0 ise 
Young and adult germ-free 
Age, days 24 30 «630 «6385 «©4606 «649 «649 «64986 
4 2 a ‘ g 6 283 283 283 313 313 313 

%o gamma g. Siete Osu is SO) 30 SEO 8h 10 15 By aly ily sax 

Aggl. index Spe 27 1 0 U1 0 0 0 0) ) 0 0 0 
Adult ‘‘normal’’ 

Age, days 180 to 500 

Sreapamma por 19) cs 20 19° -18 93° 14° 93 Avg area: 20* 

% gamma g. 95 115 100 95 90 115 70 115 

Aggl. index 4+ 44 44 44 44 44+ 44 44 


* Avg area of 20 was taken as 100% gamma globulin content. 


comparing gamma globulin contents of the 
different sera, the amount of gamma globulin 
in each serum was expressed in terms of per- 
centage of the average gamma globulin con- 
tent of the 8 “normal” adult controls which 
was arbitrarily taken as 100%. 


Table I records gamma globulin content of 
each serum together with the results of the 
T. cruzi agglutination tests. The data show 
that high gamma globulin contents were asso- 
ciated with high 7. cruzi agglutinin indices. 
Sera of embryos were low in gamma globulin 
content; they also showed low agglutinating 
activity. Newly hatched birds contained 
gamma globulin levels up to the range of the 
“normal” adults; their agglutinin indices 
were correspondingly high. 


The gamma globulin of the embryos and 
the newly hatched birds stemmed from the 
mother hen. By the 28th day after hatching 
gamma globulin levels (and agglutinating ac- 
tivity) dropped to low levels; in fact, some 
birds lost their agglutinating activity. After 
immunological maturity was reached all tested 
“normal” birds showed high gamma globulin 
contents with 4+ J. cruzi agglutinin indices. 
The gamma globulin in sera from germ-free 
birds continued to decline and stayed at low 
levels even in the adults. We have found one 
bird (age 49 days) which had a high gamma 
globulin level in its serum and also elevated 
T. cruzi agglutinin index. It is possible that 


this bird retained its maternal gamma globu- 
lin for an unusually long time after hatching; 
the alternative possibility of contamination 
must also be considered, although the bird 
tested free of contaminants at the time the 
serum was obtained (Personal communication, 
T. G. Ward.) 


Conclusions and summary. The progressive 
changes in gamma globulin content in the sera 
of developing embryos indicated here confirm 
earlier findings(2). Following absorption of 
the yolk by the newly hatched chick, the 
transmitted gamma globulin levels decline 
until the young birds attain immunological 
maturity. The mature birds show high gam- 
ma globulin levels as illustrated by the elec- 
trophoretic patterns. In contrast, germ-free 
chicks reveal low levels of gamma globulin 
which remain so even at 313 days of age; 7. 
cruzi agglutinin follows the same pattern. 
These results strongly suggest that a close 
correlation exists between serum gamma 
globulin levels and the indicator antibody. 
They also suggest that chickens reared un- 
der germ-free conditions, after losing the ma- 
ternal antibody, do not replace it with gamma 
globulin of their own to any significant degree. 
Further studies are needed in order to follow 
the serum protein changes in older adult germ- 
free chickens and their response to controlled 
antigenic stimuli. 
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We are indebted to Drs. L. G. Warren and Rodrigo 
Zeledon for supplying the 7. cruzi cultures used in 
this study. 
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Susceptibility of Cortisone-treated Mice to Infection with Mouse 


Hepatitis Virus.* 


(24263) 


THEODORE J. STARR AND Morris POLLARD 
University of Texas Medical Branch, Department of Preventive Medicine and Public Health, 
Virus Research Laboratory, Galveston, Texas 


The strain of mouse hepatitis virus (MHV) 
used has been described by Gledhill(1-3). It 
is the virus from which the enhancing agent, 
Eperythrozoon coccoides, has been excluded. 
This virus causes a mild, rarely fatal, infec- 
tion in weanling Swiss mice and a fatal infec- 
tion in suckling mice. In the latter case, fo- 
cal necrotic lesions appear in the liver and 
evolve into diffuse, cirrhosis-like lesions. It 
was found that normally resistant weanlings 
became susceptible to fatal hepatitis infection 
when subjected to cortisone treatment. In 
this respect, cortisone has been used exten- 
sively to change the native resistance of vari- 
ous animals and embryonated eggs to infec- 
tion by protozoan, mycotic, bacterial, ricket- 
tsial, and viral agents(4). 

Materials and methods. Weanling Swiss 
mice, 8-10 g, and 1-2 day-old suckling mice, 
were used routinely. Stock virus was made 
from infected suckling-mouse livers as a 10% 
emulsion (w/v) in medium 199 or Hank’s 
solution containing 0.2 mg/ml streptomycin 
and 200 units/ml penicillin. Liver prepara- 
tions were clarified by centrifugation at 8,000 
rpm for 20 min at 4°C, sealed in ampoules, 
and stored in a dry ice chest. The usual in- 
oculum (0.05 ml) administered via the peri- 
toneal route to weanling mice contained 


* This investigation was supported by the James 
W. McLaughlin Fellowship Fund. 


10% suckling mice IDsos(5) of MHV. Cor- 
tisone acetate (Upjohn Co., aqueous suspen- 
sion, 25 mg/ml) was injected intramuscularly 
in single doses of 1.25 mg unless otherwise in- 
dicated. Mice were observed daily for 6 to 
15 days. Survivors were killed with ether 
and autopsied. Livers showing lesions of 
questionable significance were homogenized 
in saline (10% w/v) and assayed in suckling 
mice. 


Results. Large doses of cortisone alone 
caused some deaths, ascites, and distinct, pin- 
point, whitish liver lesions in a small propor- 
tion of mice- (Table I). In a series of 2 ex- 
periments, a total of 25 mice were given a 
single injection of cortisone (1.25 mg) and 
a total of 31 mice were given 4 daily injec- 
tions of cortisone (total 5.0 mg). Observa- 
tions were made daily for 12 and 15 days 
(Table I). Survivors were sacrificed and 
examined for evidence of liver damage and 
ascites. Of the mice which received 1.25 mg 
cortisone, an average of 8% died, none had 
liver lesions or ascites. Of the mice which 
received 5.0 mg cortisone, an average of 17% 
died, 9% had liver lesions, and 5% had as- 
cites. Livers with cortisone-induced lesions 
were not infective for normal suckling mice. 
Several forms of unidentified bacteria were 
cultured in thioglycollate broth from these 
livers. Similar observations were reported by 
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_ TABLET. Effect of Cortisone on 8 to 10 g Swiss 


Mice Showing % Deaths, Liver Lesions, and As- 
cites. 
ooo 


Corti- Saeri- 
sone No. of ficed Deaths Lesions Ascites 
(mg) mice (days) ——— %———_, 
1.25 1 12 9 0 ‘Tr 
14 12 7 0 0 
5.00 11 12 9 18* 9 
20 15 25 0 0 


* Homogenates of livers with cortisone-induced 
lesions were not infective for suckling mice. 


others(6-9) and it is suggested that cortisone 
may activate a latent infection, transform non- 
pathogenic residents to pathogenic forms, 
and/or decrease host resistance to a point 
where normally nonpathogenic flora assume 
pathogenic roles. 

The effect of single graded doses of corti- 
sone on survival of weanling mice infected 
with MHV is shown in Fig. 1. One day after 
virus injection, cortisone was administered to 
3 groups of 14 mice each as single graded 
doses of 0.3, 0.6, and 1.25 mg. A 4th group 
received only virus and a Sth group received 
only 1.25 mg cortisone on the 2nd day. There 
were no deaths in the virus control group 
after 12 days. In the cortisone control group, 
7% of the mice died. There were 22, 57, 
and 85% deaths in the virus-infected groups 
which received 0.3, 0.6, and 1.25 mg corti- 
sone, respectively. Cortisone reduced the in- 
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FIG. 1. Effect of single graded doses of cortisone 
on survival of mice infected with mouse hepatitis 
virus, 


nate resistance of mice to infection with 
MHV. Rate of mortality and number of 
deaths increased to a degree proportional to 
dosage of the steroid. 


In another series of experiments, an at- 
tempt was made to determine the time inter- 
val between virus and cortisone injection 
which was most effective in decreasing host 
resistance. Five groups of mice were inocu- 
lated with virus on the Ist day. Following in- 
tervals of 1, 2, 3, and 5 days, 4 consecutive 
daily doses of cortisone (total 5.0 mg) were 
administered to each group of mice (Fig. 2). 
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FIG. 2. Effect of cortisone on susceptibility of 
mice to hepatitis infection. 
Deaths were not noted in the virus control 
group and cortisone alone accounted for 20% 
deaths. There was a definite decrease in rate 
of mortality as the time interval between virus 
and cortisone administration was increased 


from 1-5 days. 


In other tests, cortisone and virus combina- 
tions were administered to 5 groups (I to V) 
of 18 mice each over a period of 5 days as 
shown in Table II. Deaths and liver lesions 
were noted on animals dying within 6 days 
at which time survivors were sacrificed. 
Table II shows the percentage of deaths in- 
curred with and without liver lesions and the 
percentage of the survivors with liver lesions. 
Cortisone alone accounted for 6 and 22% 
deaths in cortisone-control groups IV (1.25 
mg cortisone) and V (5.0 mg cortisone), re- 
spectively. However, 22% of the survivors 
of group IV had liver lesions. Comparison 
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TABLE II. Effeet of Cortisone (C) and Virus 
(V) on 8-10 g Swiss Mice Showing % Deaths and 
% Survivors with Liver Lesions on the 6th Day. 


Day of inoc. Deaths, Deaths, Survivors, 
—————x no with with 
Group 1 2 3 4 5 lesions lesions lesions 
it CV --- 0 28 77 
INR (Or WEG: NOP: itil 50 100 
III -V--- 0 0 39 
IV C---- 6 0 22* 
Vv Cc -CCC 22 0 0 


* Homogenates of livers with cortisone-induced 
lesions were not infective for suckling mice. 


with the data in Table I shows that all of 
these survivors in group IV would have lived 
for at least 12 days. There were no deaths in 
virus control group IIT and 39% of the mice 
had liver lesions. As shown in Fig. 1 and 2, 
all of the mice in the virus control group IIT 
would have survived. Comparison of the 
percent deaths and percent liver lesions ob- 
served in groups I and II with their corre- 
sponding cortisone control groups IV and V 
again shows the effectiveness of cortisone in 
decreasing host resistance to infection with 
MHV (Table II). 


Summary. A small proportion of mice in- 
oculated with cortisone alone died or devel- 
oped ascites and/or liver lesions. Bacteria 
were isolated from some of the livers showing 
cortisone-induced lesions. Homogenates of 
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such livers were not infective for normal 
suckling Swiss mice. Cortisone acetate re- 
duced susceptibility of normally resistant 
weanling Swiss mice to infection with the 
Gledhill strain of mouse hepatitis virus. The 
effectiveness of cortisone in decreasing host re- 
sistance was enhanced as dosage of the ster- 
oid was increased. There was a decrease in 
this cortisone effect as the time interval be- 
tween virus and cortisone administration was 
increased from 1 to 5 days. 
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Response of Germ-Free and Conventionally Reared Turkey Poults to 
Dietary Supplementation with Penicillin and Oleandomycin.* (24264) 


M. Forses,t W. C. SuppLer anp G. F. Comps 
(Introduced by P. Gyorgy) 
Germ-free Animal Research Unit, Walter Reed Army Institute of Research, Washington, D. C., 
and Poultry Husbandry Department, University of Maryland, College Park 


The mechanism of the growth-promoting 
effect of antibiotics in poultry rations has not 
been clearly ‘established. The prevailing 


* This investigation was supported in part by the 
Research and Development Division, Office of The 
Surgeon General, Department of the Army.” 

t Dept. of Microbiology, School of Medicine, Uni- 
versity of Pennsylvania. Present address: Temple 
University School of Medicine, Philadelphia, 


opinion seems to be that antibiotics act mainly 
by modifying the intestinal microflora(1-4). 
A basic question is whether antibiotics exert a 
growth-promoting effect in the absence of an 
intestinal microflora. Luckey(5) reported 
that no stimulation of growth was Seen when 
germ-free chickens and turkeys were fed an- 
tibiotics at a level of 50 mg/kg diet. In sub- 
sequent studies Luckey, e¢ a/.(6) reported that 
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lower levels of antibiotics (oxytetracycline 
25 mg/kg, procaine penicillin 11 mg/kg) 
caused slight growth increments in germ-free 
chicks and that procaine penicillin (46 mg/ 
kg) produced a statistically significant in- 
crease in the growth rate of germ-free poults. 
Recently Gordon, et al.(7), repeating Luckey’s 
first studies, found no evidence of increased 
body weight in germ-free chicks fed procaine 
penicillin at a level of 50 mg/kg diet. These 
reports were based on comparisons of such 
limited numbers of birds that the significance 
of the observed differences is not clear. In 
more extensive experiments with germ-free 
and conventional chicks, it has been shown 
that the growth rate of chicks on an adequate 
diet is not affected by dietary supplements of 
penicillin (45 mg/kg) unless penicillin-sensi- 
tive organisms which depress growth are pres- 
ent (Forbes and Park, to be published). Ex- 
perimental results were also obtained suggest- 
ing that Clostridium welchi type A is one such 
penicillin-sensitive growth depressing organ- 
isms(8, Lev and Forbes, to be published). 

In the present paper a series of experiments 
with turkey poults is described in which the 
effect of dietary supplementation with procaine 
penicillin or oleandomycin was compared un- 
der germ-free and conventional rearing condi- 
tions. 


Methods. Maryland Medium White poults 
hatched from eggs supplied by the Poultry 
Department, University of Maryland, and 
Beltsville White poults from eggs obtained 
from the Agricultural Research Center, Belts- 
ville, Md., were used in these studies. The 
procedure followed in rearing germ-free birds$ 
was patterned after that of Reyniers et al.(9). 
Twenty-day embryonated eggs were immersed 
for 2 minutes in a detergent solution, then for 
12 minutes in a 2% HgCle solution main- 
tained at 37°C, then were passed through a 
tube into a previously steam sterilized Rey- 
niers germ-free unit where incubation was 
completed. Usually, 24 eggs were incubated 
in each unit and yielded 14 to 16 poults. The 
poults were weighed and distributed in 2 
groups of 7 to 8 birds of approximately equal 


§ In this report the term germ-free is intended to 
mean free of bacteria and fungi. 


diet is shown in Table I. 


111 


TABLE I, Basal Diet I. 
Per 100 g diet 


Jorn starch, g 


41.40 
Washed protein { 44.44. 
Corn oil 4.04 
D1L-methionine Are 
Glycine 1 
Choline chloride 46 
Diphenyl-p-phenylene-diamine —.0125 
Minerals* 7.45 
Vitaminst .89 


“Minerals, g/100 g diet (all ¢.p. or reagent 
grade) — 1.846 CaCO,, 3.313 Ca,(PO,)s, .808 K.- 
HPO,, .455 Mg SO,+7H.0, .606 NaCl, .051 FeSO, - 
7H,O, .002 CuSO,+5H.0, .031 MnSO,+H,0, .0002 
CoSO,+7H,O, .004 KI, .01 K AL (S0O,) 2.12 4,0, 
001 Na,MoO,+2H,0, .005 Na,SiO,-9H.O, .001 
HBO,, .012 ZnCl, .303 KCl. 


t Vitamins, mg/100 g diet—12 alpha tocopherol 
acetate (from Myvamix), 2 Menadione, 60 thia- 
mine, 10 riboflavin, 32 calcium pantothenate, 40 
niacin, 6 pyridoxine HCl, .2 biotin, 2.4 folacin, .012 
eyanocobalamin, 101 inositol, 1.0 p-aminobenzoie 
acid, 40 ascorbie acid. Also—5656 I.U. vitamin A 
(from Nopeay ‘20’’) and 529 I.C.U. vit. D (from 
Nopdex ‘*157’). 


¢ Drackett C-1 Assay protein, washed once with 
tap water and 3 times with distilled water at pH 
4.6, then dried at 50-60°C, 
average weight. In each unit the 2 groups 
were kept in wire cages (approximately 11” 
wide, 22” long, 13” high), one group serving 
as control while the other received the anti- 
biotic supplemented diet. 

Eggs used for the conventional (non germ- 
free) tests were similarly sterilized but were 
transferred from the HgCl» solution into a 
standard incubator. After hatching the birds 
were transported to the Univ. of Maryland 
and distributed in electrically heated wire 
floored battery brooders. Lights were left on 
continuously both in the germ-free units and 
in the room where the conventional tests were 
carried out. The temperature inside the germ- 
free unit was 37-38°C when the birds hatched, 
being gradually decreased to 25-27°C over a 
period of 10 days and maintained there until 
the end of the experiment. Food and water 
were supplied ad libitum. Individual weights 
were taken initially and after 7 and 14 days 
on test. 

Diets. The composition of the purified 
type washed Drackett protein’ starch basal 
All feed was steri- 
lized by placing one kg portions in gauze bags 


in a layer not exceeding one inch in thickness 


in the autoclave of each germ-free unit. 
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Steam was allowed to flow through the auto- 
clave for 10 minutes, the pressure was then 
increased to 17 p.s.i. (252-255° F), main- 
tained for 25 minutes and gradually returned 
to normal. The feed was then either trans- 
ferred into the germ-free unit or removed for 
use in the concurrent tests with conventionally 
reared poults. 

Weighed quantities of procaine penicillin 
G or oleandomycin (Pfizer) mixed with 
starch were sealed in glass ampules, sterilized 
by irradiation, introduced into the germ-free 
unit via a germicidal trap and mixed into the 
sterile diet. Similarly sterilized antibiotics 
were used in the conventional tests. Irradia- 
tion? (1,800,000 rep) did not modify anti- 
bacterial activity of the antibiotics as meas- 
ured by the tube dilution method using Mz- 
crococcus pyogenes var. aureus H as the test 
organism. 

Sterility tests. Moistened swabs were used 
weekly to take multiple anal samples or fresh 
fecal specimens from all animals. The swabs 
were inoculated in thioglycollate broth, in 
cooked meat medium and in trypticase soy 
broth. Other swabs were streaked on brain- 
heart infusion agar containing 5% blood, on 
lactobacillus selection agar (Baltimore Bio- 
logical Laboratory) and on Sabouraud agar. 
Replicate cultures were incubated at room 
temperature and at 37°C. Some blood plates 
were incubated anaerobically at 37°C. Cul- 
tures were kept for 2 weeks and examined 
periodically. Gram stains were made of sam- 
ples of the broth cultures. At the conclusion 
of most of the experiments, a bird was killed 
inside the unit and samples of the intestinal 
contents were cultured in the various media. 

Statistical analysis. The growth data were 
subjected to the Fisher F test, results from 
replicate tests being combined. To simplify 
the calculations, the numbers in the various 
comparisons were equalized by selection using 
a table of random numbers. No discrepancy 
was found between total data as compared to 
selected data. 


+ Performed through the courtesy of Dr. Howard 
Andrews, Radiation Branch, Nat. Cancer Inst. and 
Mr. John Hickey, Sanitary Engineering Branch, 
N.1.H., Bethesda, Md. 
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TABLE II. Effect of Procaine Penicillin (45 mg/ 
kg) on Growth of Germ-Free and Conventional 


Poults. 
Avg wt in g on 14th day 
No 
supplement Penicillin 
No. No. 
Exp. Status birds Wt birds Wt Diff. 
1 GF ey fe ARE — 23 
Conv. 10 182 10 212 +30 
2 GF [eA Te 22m +10 
Cony. 12 181 15 -219 +38 
3 GF 10 179 6 186 +7 
Cony. 11 1338 9D 192 +54 
1,2&3 GF 23 202 20 207 + 5 
combined Cony. 33— 170 34 212 +42 


TABLE IIA. Statistical Analysis of Randomly 
Selected Data of Combined Experiments Shown in 
Table II. 


Avg wt in g on 14th day 
(20 birds/group) 


Status No supplement Penicillin Diff. 
GF 201 207 + 6 
Cony 166 207 +41 

Analysis of Variance 
Source of var. 

Main effects DF MS F p 
Status: GF vs conv. if 6,187 1+ is. 
Treatment: 

Pen. vs no pen. 1 10,732 i+ as 

Interaction 

Treatment vs status aL 5,993 5.50 <.05 
Error 76 1,089 


Results. The conventionally reared poults 
fed the penicillin supplemented ration gained 
an average of 42 g more than their controls 
receiving the unsupplemented ration (Table 
Il). In contrast, the germ-free birds fed the 
basal diet grew at a rate comparable to the 
conventional birds receiving penicillin and 
growth was not improved by addition of peni- 
cillin. Statistical treatment of the data (Table 
IIA) indicates that response to penicillin in 
the conventional environment was significant 
(p<0.05). 


Oleandomycin also caused a marked growth 
improvement in the conventional poults but 
none in the germ-free birds (Table III, IIIA). 
As with penicillin, supplementation with ole- 
andomycin increased growth in the conven- 
tionally reared birds to a level comparable to 
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_ TABLE III. Effect of Oleandomycin (30 mg/kg) 


on Growth of Germ-Free and Conventional Poults. 
OOOO 


Avg wt in g on 14th day 


No 
supplement Oleando 
No. No. 

Exp. Status birds Wt birds Wt Diff. 
1 GF 7 229 7 258 +29 

Cony. 2.5 173 ~ 193 +22 
2 GF 8 219 7 193 26 

Conv 19 175 19 226 +51 
3 GF e277 175 11 176 +3 

Cony. 9 159 10 179 +20 
1,2&3 GF 27 «201 25 199 —- 2 
combined Cony. 37 «6170 a6 6207 +3 


TABLE IIIA. Satistical Analysis of Randomly 
Selected Data of Combined Experiments Shown in 
Table III. 


Avg wt in g on 14th day 
(25 birds/group) 


Status Nosupplement Oleando Diff. 
GF 199 199 0 
Cony. 178 208 +30 

Analysis of Variance 
Source of var. 

Main effects DF MS F Pp 
Status: GF vs Cony. 1 1,584 1 Ls. 
Treatment: Oleando 1 7,856 1 ¥ 

vs no oleando 

Interaction 

Treatment vs status 1 13,537 8.47 <A 
Error 96 1,599 


that of the germ-free birds. 


The results of these experiments are in 
agreement with the theory that growth re- 


sponse to antibiotics is due to their action on 
the microflora. 

Summary. Maryland Medium White and 
Beltsville White poults reared under germ- 
free conditions showed excellent growth on a 
purified type washed Drackett protein starch 
basal diet. Supplementation of the diet with 
procaine penicillin (45 mg/kg) or with olean- 
domycin (30 mg/kg) did not improve growth. 
In concurrent tests, conventionally reared 
poults fed the basal ration grew at a lower 
rate than the germ-free birds while those fed 
the basal ration supplemented by either peni- 
cillin or oleandomycin grew at a rate com- 
parable to that of the germ-free birds. 
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Influence of Long Term Fat-Feeding on Excretion of Cholesterol-4-C™ 


Metabolites.* 


(24265) 


Jean D. Witson AND Marvin D. SIPERSTEIN 
(Introduced by Donald W. Seldin) 


Department of Internal Medicine, The University of Texas Southwestern Medical School, Dallas 


Studies in this laboratory have recently 
been concerned with the influence of varia- 


* This work was supported by grants from the 
American Heart Assn., the Dallas Heart Assn., and 
by Research Grant of Nat. Heart Inst., U.S... 


tions in the type and quantity of dietary fat 
on metabolism of cholesterol-4-C'*. We have 
previously reported that a 4-day period of 
feeding rats isocaloric diets containing corn 
oil, as compared to diets containing lard or no 
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TABLE I. Feeal Exeretion of Cholesterol-4-C" after 72 Days of Feeding Fat-Free, Corn Oil or Lard 
Diets. 
eee 


Diet 


mame 


% administered dose recovered as: 
Neutral sterols 


Avg daily in- Wt (g) NY CV eee rare jf Age 
take at dry wt of Non-dig. Dig. Bile Total 

Group Rat # Fat content g Cal. Begin. End _ feces (g) precip. precip. acids reeovery 
1 it None 1938. 7.8 182 354 1.29 1.43 9.00 14.82 25.25 
2 30% cornoil 12.7 66.8 175 284 92 20.21 9.81 22.46 52.48 
3 30% lard 12.1 63.6 173 Son 86 Lez, 14.71 28.63 44,51 
2 4 None 17.9 66.6 169 284 Ti 7 1.34 11.06 12.88 25.28 
5 30% ecornoil 12.5 65.8 191 OLD 92 21.96 8.43 33.80 64.19 
6 30% lard 12.4 65.2 154. 273 86 7.00 13.69 38.80 59.49 
3 7 “None eo.) 148 259 1.01 1.08 11.59 13.56 26.23 
8 30% ecornoil 11.1 58.4 174 325 90 eed 7.43 28.49 53.69 
9 30% lard OGM ote 172 288 1.06 6.60 21.73 34.89 63.22 
4 10 None 18.4 68.4 195 333 JPA 1.95 Accra! 20.51 29.79 
nla 30% corn oil 12.6 66.3 192 300 81 25.08 Cael 23.34 59.53 
12 30% lard 12.9 67.9 166 330 89 3.66 16.28 35.70 55.64 


fat, resulted in marked acceleration in me- 
tabolism of cholesterol-4-C™ to non-digitonin 
precipitable neutral sterols(1,2). The pri- 
mary purpose of the present series of experi- 
ments was to examine the excretory products 
of cholesterol-4-C™ in rats subjected to long 
term feeding of diets containing no fat, 30% 
lard or 30% corn oil. Initial attempts to char- 
acterize the non-digitonin precipitable neutral 
sterol fraction in the feces of these animals are 
also reported. 


Materials and methods. Male rats of the 
Long-Evans strain, weighing 160-195 g were 
pair-fed isocaloric quantities of diets contain- 
ing no fat, 30% corn oil, or 30% lardt for a 
period of 72 days. They were then anesthe- 
tized with ethyl ether, and a solution of cho- 
lesterol-4-C™, containing 1.12 x 10° cpm and 
prepared with the aid of Tween 20(3), was 
injected into the tail vein. Feces were col- 
lected at intervals for 14 days. 


The samples of feces were dried and ex- 
tracted continuously for 24 hours with ethanol 
in Soxhlet extractors. The methods for sepa- 
rating neutral sterols and bile acids have been 
described(2). In addition, the supernatant 
portions and the washes which remained fol- 
lowing precipitation of the sterol digitonides 
were combined, taken to dryness, and redis- 
solved in acetone-ethanol. Digitonides were 
again precipitated from this fraction by the 


+ The composition of the diet has been described 


(yy 


method of Sperry and Webb(4) in order to 
assure that all digitonin precipitable sterols 
had been removed. 


The supernatant fractions and washes 
which remained after digitonin precipitation 
of the neutral sterols from feces of rats 
fed the experiment diets for short periods 
(2), were combined, taken to dryness, and 
dissolved in pyridine. Excess digitonin 
was precipitated in ethyl ether(5), and 
the supernatant was again taken to dryness. 
Ketonic and non-ketonic fractions of this non- 
digitonin precipitable residue were separated 
by precipitation with Girard’s Reagent “T” 
as follows(6): The residue was dissolved in 
10% acetic acid in ethanol and refluxed for 
30 minutes in the presence of an excess of 
Girard’s Reagent “T”. This solution was 
brought to pH 6 with a cold NaHCOs solu- 
tion and extracted 3 times with ethyl ether. 
The bicarbonate-acetic acid solution was then 
acidified with 10 N HCl and extracted 3 times 
with ethyl ether. Each ethyl ether fraction 
was then taken to dryness, dissolved in me- 
thyl alcohol, added to 0.4% diphenyloxazole 
in toluene and assayed for C' in a liquid 
scintillation counter. 


After assaying for C™ in these experiments, 
an internal standard of cholesterol-C!4 was 
added to each sample. The C™ of the stand- 
ard was determined, and, when necessary, cor- 
rections for quenching were made. 


Results. In Table I are listed the results 
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TABLE IT. Distribution of Non-Digitonin-Precipitable Sterol-O™ between Ketonie and Non- 
Ketonie Fractions. 
% administered 
dose recovered 


as non-digitonin 


% non-digitonin precipitable sterols in 


No. of : precipitable — tae Se 

Group rats Diet neutral sterols Ketonie fraction Non-ketonie fraction 
1 4 Fat free 9.61 + 1.82 8.46 + 4.68 91.54 + 5.62 
2 4 30% corn oil 34.75 + 2.42 6.62 + 4,02 93.88 + 4.03 
3 4 30% lard 11,64 + 3.68 8.82 + 5.25 91.18 -+- 5.27 


from pair-fed rats receiving diets containing 
no fat, 30% corn oil or 30% lard for 72 days. 
Average daily caloric intake of the various 
rats was similar, and there was no difference 
in weight gain of the animals fed the various 
diets. (Average weight gain was 134 g for 
the animals fed fat-free diets, 123 g for the 
animals fed corn oil, and 141 g for the lard 
group). Furthermore, average daily dry 
weights of the feces were comparable. 


Rats fed the corn oil or lard diets uniformly 
excreted more C' than did rats fed diets con- 
taining no fat. Excretion of bile acid-C™ and 
digitonin precipitable neutral sterol-C™ 
tended to be higher in the rats fed lard. As 
in the short term experiments, however, the 
most striking difference among the various 
animals was the marked increase in excretion 
of non-digitonin precipitable neutral sterols in 
the rats fed corn oil. This accounted in these 
rats for 18-25% of the administered dose of 
Boge 

The results of preliminary attempts to iden- 
tify the nature of the non-digitonin precipi- 
table neutral sterols in previously reported 
experiments on rats fed the experimental diets 
for 4 days(2) are listed in Table II. Ketonic 
sterols were separated by Girard’s Reagent 
“T” precipitation, and radioactivity of both 
ketonic and non-ketonic fractions was assayed. 
It is evident from these studies that the 
marked acceleration in excretion of non-digi- 
tonin. precipitable neutral sterols in rats fed 
corn oil is accounted for primarily by the C™ 
recovered in the non-ketonic sterol fraction. 

Discussion. The mechanisms by which 
dietary fat influences cholesterol metabolism 
both in man(7) and rat(8) remain unknown. 
The previous finding of a qualitative difference 
in metabolism of cholesterol-4-C'* in rats fed 
either corn oil or lard has suggested that, in 


part, the effect of unsaturated fats may be 
secondary to acceleration of excretion of non- 
digitonin precipitable neutral sterols(1,2). 
This concept is supported by the finding of 
Swell, Trout, Hopper, Field and Treadwell 
(9) that as much as 20% of an injected dose 
of cholesterol-4-C!* may be converted to non- 
saponifiable, non-digitonin precipitable sterols 
within 24 hours in rats fed oleic acid. The 
present studies in rats fed for 2 months diets 
which varied in fat content confirms the find- 
ing that isocaloric substitution of 30% corn 
oil diet for either fat-free or 30% lard diets 
results in marked acceleration in excretion of 
non-digitonin precipitable neutral sterol-C™, 
accounting in these rats for 33-42% of ex- 
creted Cl. Furthermore, this alteration in 
cholesterol-C!* metabolism is no more pro- 
nounced after 72 days than after 4 days of 
corn oil feeding(2). As yet neither the site 
of transformation nor the nature of this non- 
digitonin precipitable neutral sterol is known. 
Since no 3-alpha-hydroxy neutral sterols have 
yet been isolated in nature, it was thought 
that excretion of A*-cholestene-3-one or cho- 
lestane-3-one might account under these cir- 
cumstances for the non-digitonin precipitable 
fraction. However, these findings clearly 
demonstrate that the ratio of carbonyl to non- 
carbonyl fractions in the non-digitonin pre- 
cipitable neutral sterols is unchanged by feed- 
ing of corn oil, indicating that ketonic sterols 
can account for only a negligible portion of 
the non-digitonin precipitable sterols. Thus, 
the sterol, which is excreted in increased quan- 
tities under the influence of corn oil feeding, is 
presumably a 3-alpha-hydroxy neutral sterol, 
the nature of which remains to be determined. 

Summary. Effects of long-term feeding of 
various types and amounts of fat on fecal 
cholesterol excretion are reported. Diets con- 
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taining 30% corn oil produce marked accel- 
eration in excretion of C' as non-digitonin 
precipitable neutral sterols in rat feces, ac- 
counting in these animals for 17-25% of the 
administered C'. This non-digitonin pre- 
cipitable neutral sterol does not contain a 
ketonic group and is presumably a 3-alpha- 
hydroxy sterol. 
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Besides the marked antigenic variation 
found in the Asian strain of influenza A, sev- 
eral other characteristics differentiate it from 
influenza A viruses isolated in recent years 
(1,2). Included were growth behavior in the 
embryonated egg, and reaction with various 
erythrocytes, with antibody and with non- 
specific inhibitors. Although the virus propa- 
gated in monkey kidney cultures tended to 
minimize such differences, even in this case 
hemagglutination behavior set it apart from 
earlier strains. Pertinent features of Asian 
virus isolated and propagated in monkey kid- 
ney cultures and in the chick embryo are here 
described. 


Materials and methods. Cultures (TC) 
were prepared with 0.25% trypsin (Difco, 
1-250) digested Rhesus monkey kidneys, 
grown at 35°C in stationary tubes with 0.5% 
lactalbumin hydrolysate (Nutritional Bio- 


* This work was supported in part by the Nat. 
Heart Inst., U.S.P.H.S., conducted in part under 
the auspices of the Commission on Influenza, Armed 
Forces Epidemiological Board, and supported by the 
office of the Surgeon General, Dept. of the Army, 
Washington, D. C., Abbott Labcratories, North Chi- 
cago, Ill., the Louisiana State Health Dept., and a 
contract with the Communicable Disease Center, 
USP Hs: 


chemicals) and 2% calf serum (Microbio- 
logical Associates) in Earle’s solution. After 
7-12 days they were washed and maintained 
at 35°C with Mixture 199 (Microbiological 
Associates), and pH held between 7.0 and 
7.6 during experiments by adding NaHCO, 
solution or allowing escape of CO,. Ten day 
White Leghorn embryonated eggs were used 
for virus isolation in the amniotic sac or 
propagation in the allantoic sac (E). Throat 
garglings were obtained with Mixture 199, 
0.5% lactalbumin hydrolysate in Hanks’ solu- 
tion or boiled skimmed milk and were col- 
lected from July through Dec. 1957 in Louisi- 
ana. Except where references are made to ob- 
servations on several strains, experiments were 
done with Asian virus isolated in New Orleans 
from a Boy Scout on board a train from the 
1957 Jamboree, Valley Forge, Pa. Separate 
passage lines were derived from the original 
specimen and maintained in the egg and in 
TC. The egg-ferret-mouse-egg line (E,F,M; 
Ey.) of A/Japan/305/57 (FE) was obtained 
from the Communicable Disease Center, U.S. 
Pub. Health Serv. Erythrocyte (rbc) suspen- 
sions for hemagglutination (Ha) were based 
on packed cell volume in a 15 ml conical tube 
after centrifugation in an International No. 1 
at 1500 rpm for 10 minutes. A final concen- 
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TABLE I. Virus Isolations in Egg and in Tissue 
Culture (TC) from Specimens Obtained from Sero- 
logically Diagnosed Cases.* 


; No. % 
Isolation system No.cases isolations isolations 
Egg 100 62 62.0 
TC (7 day) 64 10 15.6 


_* Four-fold or greater increments in hemaggla- 
tination-inhibition were obtained in paired sera 
using the monkey kidney line of Asian virus and 
RDE treated sera. 


tration of 0.25% rbe was used in all experi- 
ments. Receptor destroying enzyme (rde) 
was prepared from filtrates of Vibrio cholerae 
cultured at room temperature on a shaking ap- 
paratus. For hemagglutination-inhibition 
(Hal) titrations sera were treated overnight 
with rde or M/90 potassium periodate, or 
heated at 56°C for 30 minutes. Titers were 
recorded as initial dilution of antiserum in- 
hibiting agglutination of 0.25% human type 
O rbc by 4 Ha units of virus. Neutralization 
titers were determined with sera inactivated 
at 56°C for 30 minutes and read as the initial 
dilution of serum inhibiting growth of 
10°TCID;,9 at 7 days or 10°EIDs9 at 3 days. 


Primary isolation. A larger percentage of 
virus isolations was made in the amniotic sac 
even on first passage than in TC (Tables I, 
II). Second passage was not used in TC since 
previous results with influenza B isolations 
had suggested that a medium change on day 
3-4 accomplished as much(3). In contrast 
to that virus, 10 to 100 times as much Asian 


TABLE II. Results of Inoculation of Egg Posi- 
tive Specimens in Egg and in Monkey Kidney Cul- 


tures. 
No. No. To 
Isolation system specimens positive positive 
Egg*—E 33 43.4 
E, 37 48.7 
Q (E,-E;) 6 7.9 
Total 76 76 100.0 
TC (7 day) t 51 10 19.6 
TC (HaAds) + 27§ 3 iin 


*More than 2 amniotic passages (E, and E,) 
were done if hemagglutinins were not inhibited by 
specific antibody (Q phase). 

+ Fluids were replaced at 3 and 7 days and hem- 
agglutinating titers determined. 

+ Human type O RBC were added at 1-2 days for 
hemagglutination-adsorption. 

§ 9 were also positive in TC (7 day). 
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strain was required to infect TC as the amni- 
otic sac. Although the percentage of isola- 
tions of Asian virus was slightly less than 
might have been expected with influenza A 
strains in the chick embryo, the results in TC 
were not unlike those with previous strains of 
this type of virus(4). Serologic identification 
of hemagglutinins in amniotic fluid was some- 
times difficult because of low titers or lack of 
combination with antibody (Q phase) until 
additional passages had been made(5). The 
latter characteristic was not encountered in 
strains isolated in TC. Perhaps the poor re- 
sults shown in Table II with the hemadsorp- 
tion technic might have been improved by use 
of an intermediate medium change to remove 
inhibitory substances(6). Although hemad- 
sorption was satisfactory for detection of virus 
growth with a TC line of Asian virus, a con- 
ventional hemagglutination pattern could also 
be observed in positive tubes. 
Hemagglutination. Titers of agglutination 
of various rbc by Asian virus as shown in 
Table III resembled influenza B strains(7,8). 


TABLE III. Titers of Agglutination of RBC from 
Various Species by TC and E Lines of Asian Virus, 


TC., (MEK) E35 

RBC, Temp., In- In- 
25% eC: Active active* Active active* 

Human 4 64 32 256 64 

24 64 32 256 64 

Fowl 4 64 32 512 256 

24 64 Be 512 128 

Sheep 4 16 8 64 32 

24 8 4 64 32 

Monkey 4 32 16 512 64 

24 32 8 256 64 


* Viruses were inactivated by heating at 56°C 
for 30 min. 
Absent were the lower titers with fowl rbc 
and lack of agglutination of sheep rbc at 24°C 
characteristic of early egg passages of previous 
influenza A strains. Differences between the 
TC and E lines of Asian virus were manifest 
only by lesser affinity of the TC line with 
sheep rbc and disagglutination was more rapid 
and extensive especially with the latter as 
well as fowl rbc. This resembled the 1953 
strain of influenza A in which passages in the 
egg increased reactivity with fowl and sheep 
rbe receptors to a greater degree than pas- 
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sages in human kidney cultures. Adaptation 
of the 1953 TC line to monkey kidney cul- 
tures also resulted in equivalent titers with 
human, fowl or monkey rbc and lesser affinity 
for sheep rbc(4,8). 

Growth of virus. Although Asian virus 
titers in the amniotic or allantoic sacs were 
considerably lower than those observed with 
the 1953 strain of influenza A, growth in mon- 
key kidney cultures was similar to the latter 
virus(4). Differences in isolated strains were 
reflected by variability in virus titers obtained 
on early amniotic passages, some requiring 
several to equal titers obtained with others 
upon initial inoculation. After adaptation to 
the allantoic sac an incubation period of 2 
days was adequate for determination of infec- 
tivity (EID;9). Asian virus often killed chick 
embryos inoculated in the amniotic sac and 
produced relatively marked cytopathogenic 
effects in monkey kidney cultures. Strains iso- 
lated from human lung autopsy specimens 
demonstrated no distinctive features in the 
egg or TC. 

Serum inhibitors. Agglutination of human 
type O rbc by the egg line of Asian virus, 
either active or heated at 56°C for 30 min- 
utes, was not inhibited by normal human, 
rabbit or fowl sera until more than 4 passages 
had been made. The TC line, in contrast, 
was quite sensitive to non-specific substances, 
and heating human or fowl sera at 56°C for 
30 minutes increased degree of inhibition by 
fourfold. or greater. Additional passages in 
the allantoic sac resulted in similar inhibition 
of the E line with human and rabbit, but not 
fowl, sera. The EFME line of Asian virus be- 
haved much like the TC line, but periodate 
was required for inactivation of inhibitor 
rather than rde, which was adequate for the 
latter. Treatment of serum at 35°C over- 
night with equal quantities of 1.6% trypsin 
(9) removed inhibitors of hemagglutination in 
all instances except with rabbit serum and the 
TC and EFME lines. Temperatures of 65°C 
for a half hour did not reduce inhibitor titers. 

Reaction with antibody. Early egg passage 
Asian virus reacted weakly with Hal antibody 
in rde treated sera. In fact, diagnostic, 4-fold 
or greater, increments in titer were found in 
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TABLE IV. Mean Hemagglutination- Inhibition 
Antibody Titers Determined with TC and E Lines 
of Asian Virus.* 


Virus 
TCM, EK, E, EH, EFME 


RDE A56°C RDE RDE Periodate 


Treatment 
of serum 

Acute serum = <4 <a4 se a <4 
titer 

Convalescent 120 37 16 32 46 
serum titer 


* Geometric mean titers determined from 10 
paired sera. 


only half the acute-convalescent serum pairs 
that were positive with TC virus. With the 
TC line diagnostic Hal antibody increments 
were found in all cases in which virus had 
been isolated or antibody increase demon- 
strated by complement-fixation with egg 
propagated virus. Increased reactivity of the 
FE, virus resulted when sera treated with heat 
alone were used. The same was accomplished 
by additional egg or intermediate animal pas- 
sages (EFME), but it became necessary to 
remove non-specific inhibitors in sera with 
both the latter. Antibody titers in convales- 
cent sera from influenza cases were higher 
when determined with the TC than any of the 
E lines (Table IV), either because of a closer 
antigenic relation to the infecting virus or due 
to greater reactivity of the TC line with anti- 
body. On the other hand antibody titers in 
post-vaccinal sera were similar with the TC 
or EFME lines(10,11). It was unreasonable 
to assume that the lower Hal antibody titers 
with E, and rde treated sera were due to de- 
struction of antibody since this did not occur 
with the E; and TC lines. Although it seemed 
likely that an additional serum component 
was participating in the inhibition of E, by 
untreated convalescent serum, titers were not 
increased by addition of fresh normal serum 
or calcium to rde treated serum. Lower titer 
antibody increments were often not demon- 
strable in paired sera from influenza cases re- 
gardless of treatment of sera when tested with 
the E lines. Even with the TC virus and a 
measurable 4-fold antibody increase the con- 
valescent serum titer was sometimes 1-4. This 
indicated little previous antigenic experience 
with influenza A, and also suggested limits to 
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TABLE Vv. Mean Neutralization Titers Deter- 
mined with TC and E Lines of Asian Virus.* 


Virus 
TC. E, KE, EFME 
Host system ot Wy 0 Egg Egg i Egg 
Acute serum titer <4 <4 <4 <4 
Convalescent serum 91 4 4 10 
titer 


Ere aes amet 
‘ 10 ID,, of virus was added to dilutions of heat 
mactivated sera. Results are geometric means from 
6 pairs of sera from influenza cases. 


sensitivity and a threshold of the technic of 
determining Hal antibody. 

Avidity of the E line for neutralizing anti- 
body determined in the allantoic sac appeared 
slight as shown in Table V. Increasing the 
temperature from 4° to 37°C and the time 
from 30 to 60 minutes did not change the com- 
bining capacity of the E line with neutralizing 
antibody. Reduction in amount of virus by 
10-fold also did not greatly increase titers as 
compared to those obtained in TC. Quanti- 
tatively, the results of antibody determina- 
tions in the latter system were similar to those 
of Hal with TC virus and rde treated sera. 
It appeared that the E line had more affinity 
for neutralizing antibody in _post-vaccinal 
rather than post-influenzal sera, again sug- 
gesting its lack of close relationship to the 
natural virus(11). 

Although complement-fixation was _neces- 
sary to establish relationship of Asian virus 
to other influenza A strains, some evidence 
could be obtained by Hal. Antibody incre- 
ments in the order of 2-fold were not uncom- 
mon in paired sera from Asian influenza cases 
when tested with the 1953 Great Lakes or 
1957 Denver influenza A viruses. Also, the 
TC line of Asian virus was inhibited at low 
titers with Denver rooster antiserum, although 
not with Great Lakes rabbit antiserum. 

Discussion. Features of Asian virus char- 
acteristic of influenza A as a group in addi- 
tion to antigenic relationship were behavior 
upon primary isolation in TC and the egg 
and rate of growth of a minimal infecting dose 
in the allantoic sac. Thus, the proportion of 
cases from which virus could be isolated in 
the amniotic sac was at least 60% and was 
as much as 80-90% when specimens were 
carefully collected early in the illness. In ad- 


dition, primary isolation in TC required 10- 
100 times as much virus as the chick embryo 
in contrast to results with influenza B(3). 
Also, an incubation period of 2 days was ade- 
quate for determination of infectivity with 
adapted virus in the allantoic sac, while influ- 
enza B required 3 days(12). 


Among the differences between the Asian 
and other influenza A strains reactivity with 
receptors was of particular interest. The lack 
of normal serum inhibition of early egg pas- 
sages of the strain of Asian virus described 
herein was reminiscent of similar behavior of 
the human TC line of a 1953 influenza A with 
non-specific inhibitors(8). Although the mon- 
key kidney culture line of Asian virus was 
quite sensitive to normal serum inhibition, ad- 
ditional passage of the 1953 human TC line in 
monkey kidney cultures also produced a simi- 
lar change(4). Accordingly, it is possible 
that lack of sensitivity to inhibitors was a 
feature of the natural virus. Support for the 
contention that such a characteristic might 
facilitate spread was obtained by demonstra- 
tion of an inhibitor of infectivity of the mon- 
key kidney line of the 1953 virus in normal 
heat inactivated rabbit sera, and this inhibi- 
tor was removable by rde(4). Affinity for 
receptors of fowl and sheep erythrocytes was 
another unexpected attribute of the Asian 
strain. Since this was found even on initial 
passages in the egg or TC it is unlikely that 
this was caused by the laboratory host system. 
Nevertheless, studies with Asian virus in hu- 
man tissue culture might serve to answer some 
of these questions. Surprisingly in this regard 
it has not yet been possible to isolate or propa- 
gate virus in human embryo kidney cultures 
from 6 original specimens that had previously 
been positive both in the egg and monkey kid- 
ney cultures. This occurred despite two pas- 
sages as well as several fluid changes in cul- 
tures that supported growth of the human tis- 
sue culture line of the 1953 influenza A line 
(4). 

The occurrence of strains that were ini- 
tially weak reactors with antibody (Q phase) 
was of especial interest in a pandemic virus 
even though this has been previously described 
with, epidemic strains of influenza A (5). Al- 
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though this might have been caused by growth 
in the chick embryo, since similar character- 
istics were not observed in the TC isolates, it 
is also reasonable to assume that preferential 
growth of Asian virus in the egg allowed re- 
tention of certain natural characteristics 
longer than TC. Probably the same mechan- 
ism accounted for lack of reactivity with in- 
hibitors and antibody and might be of con- 
sequence in explaining spread of the virus if 
it occurred during infection of man. One 
might speculate that virus propagated in TC 
was antigenically closer to the natural agent, 
but that grown in the egg was reactively more 
similar. 

Summary. The amniotic sac of the chick 
embryo was much more effective than monkey 
kidney cultures for isolation of the Asian 
strain of influenza A, and virus was obtained 
from at least 60% of serologically diagnosed 
illnesses. Both monkey kidney culture and 
chick embryo propagated virus agglutinated 
human, fowl, sheep and monkey erythrocytes 
at 4° or 24°C, but titers were lower with 
sheep red blood cells. Asian virus multiplied 
readily in monkey kidney cultures, but sev- 
eral passages were required for adaptation to 
the allantoic sac. Some strains during early 
egg passages were not inhibited by non-spe- 
cific substances in normal sera, and some were 
initially non-reactive with antibody, especially 
in rde treated sera. Increased sensitivity to 
inhibitors and antibody occurred with addi- 
tional chick embryo passages, but remained 
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lesser than the tissue culture line. Asian virus 
propagated in monkey kidney cultures was 
preferable to the egg line for determinations 
of hemagglutination-inhibition and neutraliz- 
ing antibody by virtue of the higher titers, 
comparability of response and reproducibility. 
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Although much information has been avail- 
able on the immune response and _ protective 
effects resulting from influenza vaccines, the 
novelty of the Asian strain of influenza A pro- 
vided an opportunity for pre-epidemic inves- 
tigations in populations that were essentially 
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free of antibody(1). Such data were desirable 
in order to evaluate the immunogenicity of a 
new antigen and its behavior in the inexperi- 
enced host(2). Variations in antibody titers 
dependent upon amount of vaccine and route 
of administration, upon methods employed for 
determination of antibody, including prepara- 
tion of the antigen used for this purpose, are 
here described. 


Materials and methods. Strains of Asian 
virus used, technics for determination of he- 
magglutination-inhibition (Hal) and neutra- 
lizing antibody and methods of preparation 
and maintenance of monkey kidney tissue cul- 
tures (TC) have been described(3). Mono- 
valent vaccines for experimental use, obtained 
from commercial sources, had been prepared 
from Asian virus grown in the allantoic sac 
of embryonated eggs and purified and concen- 
trated by adsorption-elution with fowl eryth- 
rocytes or by protamine precipitation followed 
by centrifugation. Determinations of chick 
cell agglutinating (CCA) units were made in 
a Klett photoelectric colorimeter according to 
procedures described by Hirst as modified by 
Stanley(4,5). Equivalent results that were 
also reproducible were obtained with a Beck- 
man, Jr. spectrophotometer (A = 545). 
Titers that were greater, but that also showed 
the same relative differences between various 
lots of vaccine were also obtained by repli- 
cate determinations by the hemagglutination 
pattern technic with pooled fowl erythrocytes. 
An October 1957 lot of vaccine containing 400 
CCA units/ml and previously checked with 
standard vaccine from the Biological Control 
Division, Nat. Inst. of Health was accepted as 
a baseline. Adjustment of CCA unit deter- 
minations was made accordingly in order that 
results would be equivalent to those of a 
standardized vaccine. Individuals, 20 to 35 
years of age, were vaccinated during the pe- 
riod from July to Oct. 1957. Excluded from 
analysis of results were all persons who de- 
veloped a clinical illness resembling influenza 
or all those who had pre-vaccination hemag- 
glutination-inhibition antibody titers greater 
than 1-8. 

Effect of route of administration on anti- 
body response. Comparison of the effect of 


r21 


intradermal, subcutaneous or intramuscular 
administration of various amounts of vaccine 
can be made from the titers of Hal antibody 
that resulted (Table I). Although differences 
ascribable to route of administration were not 
produced with small amounts of antigen, a 
slight advantage of the intradermal route was 
shown following inoculation of larger quanti- 
ties of vaccine. This did not appear sufficient 
to compensate for the higher antibody titers 
obtained after the larger doses that were feas- 
ible by the intramuscular or subcutaneous 
routes. 


Effect of dosage and spacing of inoculations. 
In general the total amount of vaccine in 
terms of CCA units injected determined the 
titer of antibody that resulted. Whether the 
inoculation was given as a single injection or 
divided into 2 doses did not appear to affect 
the final outcome. Possibly, an interval of 
more than 3 weeks would have allowed a 
recall response. Nevertheless, there were 
fewer and milder reactions when the vaccine 
was given in divided doses, and this was a 
consideration when 400 CCA unit material 
was used. 

Evaluation of hemagglutination-inhibition 
antibody titers after vaccination. 'To com- 
pare the magnitude of the post-vaccinal anti- 
body response to that following natural in- 
fection the geometric mean hemagglutination- 
inhibition titer of a large group of convales- 
cent sera was obtained as shown at the bottom 
of Table I. Since determinations were done 
with monkey kidney culture propagated Asian 
virus and sera were treated with receptor de- 
stroying enzyme of Vibrio cholerae for titra- 
tions of antibody in post-vaccinal as well as 
post-influenzal sera a basis of evaluation was 
obtained(3). Differences in titer could ac- 
cordingly be used in comparing results of 
studies in other laboratories even when dis- 
similar virus strains or methods were em- 
ployed. Because there were low titers of in- 
hibition in some acute sera, results were ana- 
lyzed in terms of fold increase as well as final 
titers. It can be seen that few of the vac- 
cinated groups had antibody increments as 
great as those with natural illness. In addi- 
tion to comparison of results with those ob- 
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TABLE I. Hemagglutination-Inhibition Antibody Titers Two Weeks after Various Dosages 
and Routes of Administration of Monovalent Asian Influenza Vaccine in Adult Humans.* 


———oOoOoOoooeeeeeeeeesSoolNNNaSseaqoooeeeeeeeees=«=«=«=<=<QQQ***=00N0SSSSSSS = 


% with fold % with Geometric Geometric 


Route and No. inerease of titerof8 mean fold mean 

Vaceine doseinmlt CCA units tested 8 or more ormore ~ inerease titers 

A Ds el 7 38 ial ag 2 3 

A SO al ii 34 3 18 1 2 

A Tihs a 35 (fa 13% 30 2 5 

C HD 10 61 28 hate 4 all 

C IM. .2 20 12 33 83 6 a 

D LSA Tes oe 95) 20 atl 5 27 2 2 

D I.M. 1.0 40) 54 26 48 3 6 

C+C LDA 10 35 if 87 5) 14 
spel Deak + 10 

cC+C bOI = 20 5 20 80 + 14 
+IM. 2 + 20 

D+ D aM 20 25 24 56 3 6 
+ 1.M. .5 + 20 

A+B ald, gil 7 16 50 88 ff 14 
1 Daadesk + 40 

A+B SiGe a 9 22 50 3 6 
SS DS rel + 40 

A+B TNE 5) 35 14 64 93 8 23 
tT Saeed. + 40 

A+B IED}, 7 cal 7 5 80 80 5 9 
M.S + 200 

A+B SiGe ak ff 8 63 88 8 16 
+ 1M. .5 + 200 

A+B TVD 35 13 69 92 ak 22 
+IM. .5 + 200 

A+ B LM. .5 35 11 100 100 16 41 
+1I1.M. 1.0 + 400 

Natural infection VT 73 100 i! 29 


* Hal antibody titers are expressed in terms of initial dilution of serum. Monkey kidney 
propagated Asian strain influenza A was used in all eases. Serum was treated with RDE. 

t Injections were separated by an interval of 3 wk. Convalescent sera were obtained 2 wk 
after each inj. I.D.—intradermal, 8.C.—subcut., I.M.—intramuse. 


tained from influenza cases, consideration of greater than those obtained with the egg (E) 
the passage history of the virus used appeared or egg- ferret- mouse-egg (EFME) line. In 
relevant to interpretation. As described in  post-vaccinal sera, however, titers with the 
an accompanying report(3), antibody titers in EFME line were equivalent to those with TC 
convalescent sera from natural illness deter- virus (Table Il). Accordingly, if one chose 
mined with the TC line of Asian virus were the mean antibody response produced by na- 

tural illness as the desirable goal for satisfac- 


TABLE II. Mean Hemagglutination-Inhibition tory response to vaccination, it would be 


Antibody Titers Determined with TC and E Lines 


of Awan. Ciens preferable to utilize results obtained by meth- 
Vande ods that yielded maximum titers. On the 
TC,,. 5, E,  EFME ie hand, employment of the E virus line to 
————— 2 : etermine mean antibody titer of a group of 
Treatment of RDE A 56°C RDE Periodate y . #: BE 
Samah convalescent sera would make it necessary to 
Pre-vaccination <4 <4 <4 <4 obtain antibody response to vaccine 2- to 4- 
serum titer fold greater than this mean when both are 
Post-vaccination 50 13 17 50 determined with the same E line(6). 
serum titer 
* Geometric mean titers determined from 14 Comparison of Hal and neutralizing antt- 


paired sera. body titers determined with TC and E lines of 
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TABLE Ii. Mean Neutralization Titers Deter- 
mined with TC and E Lines of Asian Virus.* 


Virus 
TCS. EK, E,; EFME 
Host system TC Egg Egg Egg 
Pre-vaceination <4 <4 <4 <4 
serum titer 
Post-vaccination 68 8 15 16 


serum titer 


oe : mare 
; 10 ID) of virus was added to dilutions of heat 
imactivated sera. Results are geometric mean titers 
determined from 6 paired sera, 


Asian virus. Variations in Hal antibody titers 
dependent upon the line of virus used are 
shown in Table II. In each case the optimum 
method of removal of non-specific inhibitor 
was used(3). In contrast to the results with 
post-influenzal sera, titers with the EFME 
line were equal to those obtained with the TC 
line. Although a lesser degree of reactivity of 
the E lines as compared to the TC line oc- 
curred with neutralizing antibody (Table 
III), this was not nearly as pronounced as 
that with post-influenzal sera. The difference 
was especially striking when the titers ob- 
tained with the Eg virus in post-influenzal and 
post-vaccinal sera were compared. Thus, it 
appears that specificity of antigen or antibody 
as well as avidity or reactivity must all be 
considered in explaining variations in antibody 
titers. 

Discussion. Although the degree of protec- 
tion against infection or illness is the test of 
a vaccine in the final analysis, correlative data 
can be obtained by other means of antibody 
measurement. - With viruses such as the in- 
fluenza group natural alterations in antigenic 
composition necessitate a corresponding 
change in vaccine. Accordingly, rapid means 
of evaluating efficacy of vaccine prior to epi- 
demic spread are essential. Differences in an- 
tibody titers dependent upon the passage his- 
tory of the virus as described herein indicate 
some of the problems that might be encoun- 
tered in such an endeavor. Even determina- 


tions of the amount of virus in the vaccine has 


limitations due to inaccuracies of the quanti- 
tative aspects as well as variations in response 
due to immunogenicity and antigenic speci- 
ficity of the strain. The results of these 
studies suggest that a vaccine prepared with 


monkey kidney propagated virus might have 
produced a more specific antibody to the na- 
tural virus. Although this problem was over- 
come by larger egg vaccine doses, there were 
advantages to smaller amounts of virus such 
as a reduction in toxic reactions. Specificity 
of the antigen is probably not always as no- 
ticeable unless a major antigenic change has 
occurred in the virus. Thus, it was not pos- 
sible to show antigenic differences between the 
1953 influenza A human tissue culture and E 
lines by Hal with human convalescent sera 
from natural illnesses(7). 


Summary. The route of administration, 
either intradermal, subcutaneous, or intramus- 
cular, did not significantly affect the antibody 
response following Asian influenza vaccina- 
tion. Antibody titers produced were propor- 
tional to the total amount of vaccine inocu- 
lated whether given as a single dose or divided 
into 2 injections separated by an interval of 
3 weeks. Hemagglutination-inhibition anti- 
body titers in post-vaccinal sera were greater 
when determined with the TC and EFME 
lines of Asian virus than with early or later 
passages of the straight E line. Neutraliza- 
tion titers with the TC line in monkey cultures 
were considerably greater than those deter- 
mined with the E lines in the allantoic sac. 
The geometric mean hemagglutination-inhibi- 
tion antibody titer of a large group of post- 
influenzal sera was used as the baseline for 
evaluation of antibody response to vaccine by 
using the same virus line and method of in- 
activation of non-specific inhibitor in sera in 
both cases. 
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Wick(1) has demonstrated that following 
2 deoxy-D-glucose (2-DG) administration 
there is a decreased requirement for glucose to 
maintain a constant blood glucose concentra- 
tion in eviscerated-nephrectomized rabbits. 
2-DG has been reported to inhibit growth of 
experimental animal tumors(2) and to in- 
hibit glycolysis in leukemic cells(3), slices of 
Walker 256 carcinoma(4) and Krebs car- 
cinoma ascites cells(5). These observations 
are consistent with the hypothesis that 2-DG 
is a metabolic blocking agent for glucose. A 
survey of the response of several animal spe- 
cies to 2-DG was undertaken prior to clinical 
studies to be reported elsewhere(6). 


Materials and methods. 2-DG was obtained 
from the Aldrich Chemical Co., Milwaukee, 
Wis. Blood 2-DG concentrations were deter- 
mined by the Quinaldine method(7) and blood 
glucose concentrations by a modification of 
the Nelson method(8). 


a) In acute toxicity studies 2-DG in doses 
of 1-3 g/kg body weight as a 10-40% aqueous 
solution was administered(1) rapidly by tail 
vein to 20 Swiss mice, each weighing 20 g, 
and (2) by ear vein over a 2-minute period to 
white New Zealand rabbits weighing 1 kg. 
Blood glucose concentrations before and blood 
glucose and 2-DG concentrations after infu- 
sion were determined in the rabbits. 


b) In chronic studies 20 male rats of the 
Sprague-Dawley strain of initial weight 50 g 
and on a standard purina diet, were divided 
into 5 groups of 4 rats each. Group I re- 
ceived 0.5 cc of distilled water s.c. twice daily 
(8 a.m. and 4 p.m.); Group II received 200 
mg of 2-DG/kg initial body weight in 0.5 cc 
of distilled water s.c. twice daily for a total 


dose of 400 mg/kg; Group III received 400 
mg/kg twice daily; Group IV 600 mg/kg 
twice daily; Group V 800 mg/kg twice daily. 
Body weight was checked frequently through- 
out the study. Administration was discontin- 
ued after 19 days, and 2 hours after the last 
injection 2-DG and glucose concentrations 
were determined on tail vein blood. One week 
later fasting blood glucose concentrations were 
determined. 

c) On each of 3 white New Zealand rabbits, 
fasted 24 hours and weighing 3-4 kg, an in- 
travenous glucose tolerance test (500 mg/ 
kg) and an intravenous 2-DG tolerance test 
(200 mg/kg), and an oral 2-DG tolerance 
test (400 mg/kg administered by stomach 
tube) was performed. Also a glucose toler- 
ance test and glucose-insulin tolerance test 
(0.5 units/kg)* was performed on each rab- 
bit following intravenous administration of 
2-DG (200 mg/kg). There was a time inter- 
val of several days between tests. 

Results. Mice. The LDs 9 for mice re- 
ceiving 2-DG acutely by tail vein was between 
2 and 3 gm/kg body weight. Within 5 min- 
utes after administration the mice became 
ataxic and then were unable to right them- 
selves. Respirations became rapid and shal- 
low and convulsions occurred occasionally. 
The mice then became unresponsive to painful 
stimuli. At a dose of 1 g/kg after about 45 
minutes, recovery was noted. It was only 
after several hours that recovery was observed 
in mice receiving the higher doses. 

Rats. The results of administration to rats 
of 2-DG subcutaneously over a 19-day period 


* Glucagon-free-insulin was kindly provided by 
Dr. W. R. Kirtly, Eli Lilly and Co., Indianapolis, Ind. 
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TABLE I. Weight, Blood Glucose and Blood 2-DG@ Levels in Rats Administered 2-DG,. 


Blood glucose Blood 2-DG@ Blood glucose 


Dose Tnitial wt Wt, day 19 day 19 
reas ay lf day 19 day 26 
Group (mg/kg/day) (g) (g) (ig = 
I 0 47+1* 126+ 9 129+ 4 
ue 26+ 29 + 0 76+3 
II 400 58 +1 1454 4 135+ 5 2+1 ae 
TI 800 5241 111 + 10 162 + 12 — — 
Iv 1200 49+1 96 + 13 190 + 10 6+1 68 + 4 
Vv 1600 4541 96 + 10 212 + 40 16+ 3 61 +2 
* Mean + stand. error is given. 
is presented in Table I. Weight gain was less ing level. Blood glucose concentrations were 


in those rats receiving the higher doses of 
2-DG than in the control rats. Blood glucose 
concentrations 2 hours after the last injection 
of 2-DG were elevated above the concentra- 
tion in the control group, but one week later 
(last column of the table) fasting blood glu- 
cose concentrations were similar in the control 
group and the 2 groups that received the high- 
est doses of 2-DG. 

Rabbits. Within a few minutes after in- 
travenous administration of 1-3 g of 2-DG to 
a rabbit there was marked incoordination of 
the extremities. Then the limbs became 
limp; there was dorsiflexion of the neck; pu- 
pils became dilated; occasionally the rabbit 
cried out. Nystagmus was observed in one 
case. Breathing was gasping in nature. 
Death occurred within 6-32 minutes after 
completion of 2-DG administration. Table 
II presents the pre- and post-sugar concentra- 
tions of these animals and their survival time. 

Fig. 1 presents graphically the blood sugar 
tolerance test responses of 1 of 3 rabbits. All 
had similar responses. An intravenous glu- 
cose tolerance test was performed and several 
days later an intravenous 2-DG tolerance test 
(Fig. 1-A). Following administration of 200 
mg/kg of 2-DG intravenously, there was a 
rise in blood glucose to about twice the fast- 


high for at least 5 hours with the peak con- 
centration occurring between 1 and 2 hours 
after administration. In a glucose tolerance 
test performed 40-50 minutes after 2-DG ad- 
ministration blood glucose decreased much 
more slowly than on the control tolerance test 
(Fig. 1-B). A glucose tolerance test with 
simultaneous administration of insulin (0.5 
units/kg) after 2-DG administration resulted 
in a response similar to the control glucose 
tolerance test (Fig. 1-C). Blood 2-DG con- 
centration 5-10 minutes after 2-DG adminis- 
tration was near 50 mg%, but decreased rap- 
idly. No effect of insulin or glucose infusion on 
2-DG blood levels was noted. 2-DG in doses 
of 400 mg/kg given by stomach tube (Fig. 
1-D) resulted in blood glucose level rises to 
about 1% times fasting levels with the peak 
concentration at about 2 hours and elevated 
levels for at least 5 hours. 

Discussion. Acute administration of 2-DG. 
The train of symptoms observed in mice and 
rabbits following intravenous administration 
of large doses of 2-deoxyglucose is similar to 
those reported following insulin administra- 
tion. Woodward and Hudson(9) have dem- 
onstrated marked inhibition of glycolysis of 
brain slices in: the presence of 2-DG and 2- 
DG does enter into the cerebrospinal fluid 


TABLE II. Blood Glucose and Blood 2-DG Levels on Intravenous Administration of 2-DG to 


Rabbits. 
Control Post-2-DG 
blood blood Post-2-DG Time of 
Dose glucose glucose blood2-DG bloodsample ‘Time of 
Rabbit (g/kg) s——————- (mg % ) —_ (min.)* death (min.)* 
1 1 111 Ti 247 18 Lived 
2 1 95 183 146 21 26 
3 2 113 171 355 6 6 
4 3 — 196 441 12 15 
5 3 — 175 568 32 32 


* Time is given in min. post-2-DG administration. 


126 


RABBIT w {| 


BLOOD SUGAR MG% 


F 11 tv 2-06, Grr rr r\ onmae 2 
11 & INSULIN "I C \\ D 
oF IY ul Pe 150 
‘oe 2 
; 5 es : a 2 
[é on Poe eee 
200, & g = ig Pe 2 
3 2 pe 
iy Saas a 3 
mm 
100F oi! 3 sof 
Ne a Os 1 of f ! 4 
° 10 20 3 40 50 60 70 8 O 60 #20 so 2 300 


MINUTES 
FIG. 1. Rabbit blood glucose and 2-DG tolerance 
tests: (A) intrav. 2-DG tolerance test; (B) con- 
trol intrav. GTT and a GTT after 2-DG adminis- 
tration; (C) GTT with insulin following 2-DG ad- 
ministration; (D) oral 2-DGTT. 

rapidly after intravenous administration of 
2-DG to dogs(10). Sols and Crane(11) have 
demonstrated that 2-DG is phosphorylated by 
brain hexokinase but is probably metabolized 
no further. It therefore appears possible 
that the symptoms are a result of inhibition of 
glucose entrance and/or utilization by the 
brain in the presence of 2-DG, in effect, a 
“cellular hypoglycemia.” 

The symptoms of acute administration of 
2-DG are very similar to those described by 
Herring and Hynd(12) on administration of 
glucosone to mice and rabbits. They noted 
the similarity of the symptoms to those seen 
after insulin administration. These authors 
believed that glucosone might have produced 
a hypoglycemia for although the reducing 
power of the blood was high, no methods were 
available for distinguishing reduction due to 
glucosone injected from glucose actually 
present. Glucosone is a hexokinase inhibitor 
and it seems probable that the symptoms ob- 
served were related to an inhibition of glu- 
cose phosphorylation by the brain(13). 

It is also interesting to note that Winter 
(14), while searching for glucose analogs that 
would result in recovery of animals in insulin 
induced convulsions, administered 2-DG to 
rabbits. He noted a rise in blood sugar and 
the presence of sugar in the urine, but felt 
that it was inconceivable that the sugar he 
was measuring could be glucose since the rab- 
bits remained in convulsions. 
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Chronic administration of 2-DG. Weight 
loss on chronic administration of 2-DG has 
been reported by others(15). Whether this 
is the result of a diabetic-like state or de- 
creased food intake has not been determined. 
While the rats receiving 2-DG did have an 
elevated blood sugar, the concentrations re- 
turned to control values following cessation 
of 2-DG administration. 


Tolerance tests. 2-DG enters the blood 
following oral administration to rabbits and 
is apparently associated with elevation of 
blood glucose concentration under our experi- 
mental conditions. Sokoloff(15) has reported 
moderate hypoglycemia in rats receiving 2- 
DG in their diet. Sols(16) has demonstrated 
passage of 2-DG across the guinea pig intes- 
tinal mucosa and the failure of 2-DG to in- 
hibit glucose transport. The elevation of blood 
glucose concentration on intravenous adminis- 
tration of 2-DG to the intact rabbit is in 
agreement with Wick’s(1) observations in the 
eviscerate rabbit. The glucose tolerance test 
following 2-DG administration is difficult to 
interpret since the glucose concentrations rep- 
resent the glucose tolerance curve superim- 
posed on a rising glucose concentration sec- 
ondary to the 2-DG already administered. 
However, the tolerance tests have been done 
when the glucose levels following 2-DG ad- 
ministration are near the peak values. It 
thus appears that glucose disappearance from 
the blood is significantly prolonged by 2-DG 
and that in insulinized animals this prolonga- 
tion is less. This complements Wick’s ob- 
servation that the amount of glucose oxidized 
by insulinized eviscerated rabbits receiving 
2-DG is about the same as that oxidized by 
eviscerated animals not receiving insulin or 


2-DG. 


Summary. The response of mice, rats and 
rabbits to acute and chronic administration 
of 2-deoxyglucose (2-DG) has been studied. 
1. Mice and rabbits were given large doses of 
2-DG intravenously and had symptoms simi- 
lar to those during insulin hypoglycemia. It 
is suggested that the symptoms were the re- 
sult of a cellular glucopenia secondary to in- 
hibition by 2-DG of glucose utilization. 2. 
Rats receiving 2-DG chronically by subcu- 


on re 


SkIN HEMORRHAGES IN INBRED MICE 


taneous administration had elevated blood 
glucose concentrations and weight loss. On 
discontinuation of 2-DG administration blood 
glucose concentrations returned to control 
values. 3. Rabbits following intravenous or 
oral administration of small doses of 2-DG 
had a rapid rise in blood glucose concentra- 
tions. The glucose concentrations remained 
elevated for at least 5 hours. In glucose tol- 
erance tests done shortly after 2-DG admin- 
istration glucose concentrations decreased 
more slowly than in control tolerance tests, 
but the animals did respond to insulin admin- 
istrations. 
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Two Local Hemorrhagic Skin Responses to Bacterial Endotoxin in an 


Inbred Mouse Strain. 


(24269) 


Wiiiiam F. ARNpT AND Howarp A. SCHNEIDER 
Rockefeller Institute for Medical Research, New York City 


Although the localized Shwartzman reac- 
tion was long undetected in mice and rats, 
Homma(1), and more recently Kelly et al. 
(2), have demonstrated that this phenome- 
non, or an analagous one, does indeed occur 
with adequate “preparation” or in properly 
selected mouse strains. In addition to the 
normal Shwartzman reaction, the latter work- 
ers have described a ‘“Shwartzman-like reac- 
tion” which differs from the classical phe- 
nomenon in that it is produced by but a 
single injection of bacterial polysaccharide. 
In other respects, however, this reaction is in- 
distinguishable from the normal 2-injection 
phenomenon. 

It was the purpose of the experiments re- 
ported here to confirm and extend the above- 
mentioned observations in an effort to eluci- 
date the mechanisms underlying the single- 
injection reaction, which, because of its mor- 


phological characteristics, was thought to be 
related to the local Shwartzman reaction. 

The following experiments were performed 
with a mouse strain bearing a genetic rela- 
tionship to one of the “positive” strains 
(Rockefeller “pen-bred”) described by Kelly 
et al., but differing in that it now reflects 
some 44 generations of brother-sister inbreed- 
ing. Such a strain offers the advantage of 
genetic homogeneity, thereby defining an im- 
portant variable of this system. 

Materials and methods. The mice used 
were from a recently established pen-bred 
subline of the brother-sister, 44 generations 
inbred BSVS strain, originally extracted by 
Webster(3) from the Rockefeller Institute 
Stock. They are maintained under condi- 
tions of constant temperature (80° F.) and 
relative humidity (50%) with a uniform 12 
hour artificial (fluorescent lamp) light day. 
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TABLE I. Skin Reactions in BSVS Mice following Injection with EZ. coli Endotoxin,* 


No. mice with skin hemorrhage 


I.D. only % Deel % 

Exp. No. No. & sex R/Tt reactors R/Tt reactors 
1 12 a 12/12 100 ——- a 
18 9 18/18 100 = — 
2 10 3 1/10 10 9/9 100 
10 9 2/10 20 8/8 100 
3 20 3 20/20 100 = a 
8 Q 8/8 100 — = 
10 é 8/10 80 1/2 50 
5 10 2 0/10 0 9/10 90 
6 13 3 13/18 100 — = 
13 Q 13/13 100 _— —_ 

Totals 124 95/124 76.6 27/29 93.1 


* Prep. No. 0127 A, B from Difco Labs., Detroit, Mich. 


+ R/T = reactors/total No. tested. 


The standard diet was Purina Laboratory 
Chow and tap water supplied ad lib. 

Except where indicated, the bacterial en- 
dotoxin employed was commercially available 
(Difco) £. coli purified lipopolysaccharide 
(Lots No. 0127 A, and B), which, as tested 
by us according to the method of Reed and 
Muench(4), has an LDs, of 150 ug for 20 g 
adult BSVS mice when injected intraperi- 
toneally. 


For intradermal (I.D.) and intraperitoneal 
(1.P.) injections, the endotoxins were dis- 
solved in normal saline. The standard volume 
for all I.D. injections was 0.05 ml delivered 
through a No. 27 needle. The volume for all 
I.P. injections was 0.5 ml. 

Experimental results. In a series of ex- 
periments with these mice, confirming Kelly’s 
observations, we have observed both the nor- 
mal Shwartzman reaction and the single-in- 
jection “Shwartzman-like reaction.” The 
latter occurred after as little as 25 wg of E£. 
coli endotoxin or 50 pg of S. marcescens en- 
dotoxin* was injected into the skin, appear- 
ing after 18 hours, and reaching maximum 
intensity in from 24-48 hours. The intensity 
of this reaction was apparently dependent, to 
a degree, on the dosage since in some mice a 
slight difference could be noted between the 
responses to 30 wg and 50 yg of the E. coli 
material. This difference was not marked 
however, and the 30 pg dose was chosen as a 


* Lot P-25, obtained from Dr. M. Shear, Nat. 
Inst. of Health, Bethesda, Md. 


standard for these experiments. 


Maximum lesions produced averaged 15 
x 20 mm, and were composed of an intense 
area of hemorrhagic necrosis surrounded by 
a margin of erythema. Lesser lesions varied 
from scattered petechiae to that just described 
with all gradations between. 


The results of 6 separate experiments are 
summarized in Table I. In these experiments, 
the mice received 30 ug of endotoxin I.D. All 
animals were scored for number and inten- 
sity of reactions after 24 hours. At this time, 
those mice showing no reactions at injection 
site were challenged I.P. with 30 ug of the 
same material. Twenty-four hours following 
the second injection, all previously negative 
skin sites were again scored for hemorrhagic 
necrosis. Table I shows that 93% of the mice 
not responding to a single injection of endo- 
toxin exhibited lesions when challenged I.P. 
after 24 hours. The other fact clearly dem- 
onstrated was that response to a single injec- 
tion was quite variable among experiments, 
ranging from 0% to 100%. In view of the 
uniform response of these mice to 2 injections, 
such marked variability to the single injection 
in a system of presumed genetic homogeneity 
presented an interesting problem. Our atten- 
tion was next focused on those environmental 
variables which might explain these events. 
A previous history of transient bacterial epi- 
zootics in the colony, coupled with the fact 
that the inciting substance for these lesions 
was a bacterial product, led to the hypothesis 
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"2 Terramycin Started 
(1 mg/mi. in drinking water) 


Per cent 
o 
o 


Note Numbers inparenthesis 
indicate no of mice tested during month 


—————— —E————— 
Oct. Now. Dec. Jan. Feb. Mar April 


1ss7 1958 


FIG. 1. Frequeney of hemorrhagie skin response 
of BSVS mice to single intradermal inj. of E. coli 
endotoxin, 


that the “natural” flora in the animals were 
related, in some way, to the observed vari- 
ability. To test this proposal, a large portion 
of the colony was placed on oral oxytetracy- 
cline therapy by dissolving the antibiotic 
(Pfizer Animal Terramycin) in drinking 
water in a concentration of 1 mg active drug 
per ml. The effect of this therapy over a 
course of 8 months is shown in Fig. 1. This 
curve represents the percentage of mice that 
gave a positive reaction when tested with a 
single 30 yg I.D. injection of endotoxin. Each 
point is the average percent response of all 
experiments conducted during that month. 
Therapy was begun where indicated and con- 
tinued, at the same level, throughout the fol- 
lowing months. In Sept. 1957, the period 
during which the greatest effect was seen, a 
corresponding control group of 57 mice reared 
on tap water showed an average reactivity of 
65% as opposed to the 7.1% observed for the 
experimental group. A chi-square test for the 
difference between these groups showed a 
P<<0.001. A similar test for random devi- 
ation from the mean of all the experimental 
groups during the course of the therapy 
showed x” to be 142 (P< <0.001). 

Preliminary results indicate that chloram- 
phenicol is also effective in this regard, al- 
though its use has not been sufficiently long 
to permit the rise of any resistance effect such 
as was noted with Terramycin. 

Discussion. The preceding data obtained 
with BSVS mice confirm the observations of 
Kelly e¢ al. on the related Rockefeller strain. 
In contrast with the latter report however, 
BSVS mice have consistently displayed a 
higher frequency in response (93% in BSVS 
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vs. 57% in Rockefeller ‘“pen-bred”) to 2 in- 
jections (I.D. + I.P.) of endotoxin. Fur- 
ther, in BSVS mice, doses of endotoxin one- 
tenth that employed by Kelly and co-workers 
were sufficient to incite lesions in the single- 
injection system. From these findings, it 
would seem that the role of the host genotype 
is important not only in a qualitative sense, 
but in a quantitative way as well. 

Perhaps the most interesting aspect of these 
observations was the single injection phe- 
nomenon. It would appear that this reaction 
is a special form of the Shwartzman reaction 
inasmuch as both are so similar in their gross 
histological characteristics. It seems clear 
that Terramycin had an effect on the respon- 
siveness of the mice in this regard, but that 
this effect diminished on continued therapy. 
Such data suggest the role of a microbial 
agent, initially sensitive to the antibiotic, but 
gradually developing some resistance on con- 
tinuing exposure. Investigations currently in 
progress deal with the problems of isolating 
the microorganisms presumably responsible 
for increased “sensitivity” of these mice 
toward bacterial endotoxin. 

Summary. The observations previously 
made by Kelly e¢ al. on production of hemor- 
rhagic skin lesions by dermal injection of bac- 
terial endotoxin in Rockefeller mice have been 
repeated with the genetically related, highly 
inbred, BSVS strain. BSVS mice displayed 
all of the reactions reported by the above au- 
thors, but with a significantly increased fre- 
quency, and at much lower doses of endo- 
toxins. Pretreatment with Terramycin caused 
a marked decrease in frequency of reactors to 
a single injection of endotoxin. This effect 
gradually diminished over a period of 8 
months of continued treatment. It is sug- 
gested that the single-injection reaction is a 
special form of the dermal Shwartzman reac- 
tion in which some microbial agent(s) plays 
an as yet unknown part. 

“4. Homma, V., Jap. J. Exp. Med., 1952, v22, 17. 

2. Kelly, M. G., Smith, N. H., Wodinsky, I., Rall, 
D. P., J. Exp. Med., 1957, v105, 653. 

3. Webster, L. T., ibid., 1933, v57, 793. 

4. Reed, L. J., Muench, H., Am. J. Hyg., 1938, v27, 
493. 
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Amylase in Fallopian Tubes.* 


(24270) 


Rosert L. McGeacuin, Lita A. HArGAN, Betty ANN POTTER AND 
ARTHUR T. Daus, Jr. 
Department of Biochemistry, University of Louisville School of Medicine, Louisville, Ky. 


We have been interested in locating the site 
of synthesis of extrapancreatic, extrasalivary 
amylase(2) in animals. Green(1) has re- 
cently shown that fluids from various cysts 
associated with human Fallopian tubes have 
amylase contents of from 1,100 to 80,000 So- 
mogyi units per 100 ml, or 10-700 times the 
normal human serum amylase level. Since 
these cysts had epithelial linings which were 
morphologically identical to the epithelium 
lining of the Fallopian tubes, Green postu- 
lated that this epithelium secretes an enzyme 
whose physiological substrate is the intralu- 
minal glycogen produced by secretory endo- 
metrium. His determinations indicated that 
the enzyme is an alpha-amylase. However, 
since his work dealt only with the cystic fluids 
and not the Fallopian tubes, we were inter- 
ested in determining the amylase contents of 
the tubes themselves. This report deals with 
such observations in various species, including 
man. 

Methods and materials. Amylase activities 
of both sera and Fallopian tubes were deter- 
mined by Van Loon’s amyloclastic method 
(3). All values reported are in Van Loon 
units, numerically identical to Somogyi units, 
per 100 ml of serum or 100 g of tissue. The 
Fallopian tubes and sera were obtained from 
stock animals in the case of the rat, dog, 
guinea pig and cat, from animals at the ab- 
batoir for the cow, hog and sheep. All of the 
animals used were adult, sexually mature fe- 
males with the exception of one group of mon- 
keys as noted in the table. Human speci- 
mens were provided by the Dept. of Obstet- 
rics and Gynecology and Pathology, Univ. of 
Louisville School of Medicine. The Fallopian 
tubes were carefully freed of excess surround- 
ing tissue and kept frozen at —18°C until used 
for analysis. Fluids for analysis were ob- 
tained by homogenizing the tubes with 0.9% 


* This work was supported by a research grant 
from Nat. Inst. Health. 


NaCl, first in a Waring blendor and then in a 
Dounce glass homogenizer(4). The final di- 
lutions with 0.9% NaCl were 1:10 to 1:50, 
varying with the animal used. 

In some of the human specimens small paro- 
varian or paroophoron cysts were found in 
the tubes or in the tissue surrounding the 
tubes. These cysts were carefully removed 
and their fluids also analyzed for amylase. 

In some of the experiments on dogs and 
rabbits, one tube was removed and a blood 
specimen taken, then pilocarpine was injected 
and after 30-45 minutes the other tube was 
removed and another blood specimen taken. 

Results. Our data on the fluids from hu- 
man Fallopian tube cysts (Table I) show 
amylase levels many times that of human se- 
rum, in agreement with Green’s findings. The 
amylase levels of the Fallopian tubes them- 
selves are much lower, although still several 
times higher than serum amylase. For other 
animals, the Fallopian tube amylase levels 
(Table IT) were greater than serum amylase 
levels only in the rabbit, the cow and the 
sheep. In the rat, dog, hog, guinea pig, cat 
and monkey, the serum amylase levels were 
higher than the corresponding tubal amylase 
levels. The amylase levels of tubal secretions 
were not appreciably increased in the dog 


and rabbit by injection of pilocarpine, al- 
TABLE I. Amylase in Human Fallopian Tubes 
and Fallopian Tube Cysts. 


Fallopian 
Serum tube Cyst fluid 
amylase amylase amylase 


Type of cyst 


— 410 — — 
- 400 5,010 Paroyvarian 
88 147 aS 
50 565 = — 
- 313 29,100 Paroophoron 
110 391 37,100 2 
309 1,940 Parovarian 
132 — — 
822 14,500 Paroophoron 
265 — — 
76 — — 


85 — == 
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TABLE II. Amylase of Fallopian Tubes of Var- 
ious Species. 
es 


Fallopian tube 
amylase 
, No. of }=.-—————, Avg serum 

Aninal animals Range Avg amylase 
Rat 3 477-687 575 2250 
Dog 4 3857-1125 500 770 
Monkey 6 30— 640 215 585 

(mature) 
Monkey 6 250— 278 264 685 

(immature) 
Rabbit 5 223- 614 371 236 
Guinea pig + 98— 440 201 2070 
Cat 2 175— 220 200 1020 
Cow 6 27-— 254 170 79 
Sheep 1 330 — 110 
Hog 3 485— 700 590 2025 


though serum levels in the dog were increased. 

Since Green indicated that amylase was not 
found in the cysts from preadolescent girls, 
tubes and sera from both mature and imma- 
ture monkeys were analyzed. There was no 
noticeable difference between these two 
groups. 

Discussion. It is evident that, except in the 
human cysts, amylase is not found in the Fal- 
lopian tubes in quantities comparable with the 
pancreas and salivary glands(2). Since the 
Fallopian tubes do not have any secreting 
glands but only a secreting mucosa which 
makes up a relatively small proportion of the 
total organ, perhaps one should not expect a 
very high amylase level even if amylase is 
synthesized in the tubes. However, in the 
human, cow, rabbit and sheep, where the Fal- 
lopian tube amylase levels are greater than 
the serum levels, at least some of that amylase 
must be synthesized by the Fallopian tubes. 
The only other possible explanation would be 
collection and concentration of amylase from 
the serum by the tubes. 
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In the other animals tested, the fact that se- 
rum amylase levels are higher than tubal amy- 
lase allows one to say only that the amylase 
in the tubes may have been synthesized there- 
in. Where the serum amylase levels are higher 
than Fallopian tube amylase levels, it is pos- 
sible that the amylase found in the tubes 
could have come from the serum since amy- 
lase seems able to penetrate most body tis- 
sues(2). 

It should be pointed out that the serum 
amylase levels of monkeys, not previously re- 
ported in the literature, ranged from 314 to 
860 Van Loon units per 100 ml in 12 animals, 
with a mean value of 635. This is much 
higher than the normal human serum levels of 
60-180. 

Summary. Amylase levels in the Fallopian 
tubes of the human, cow, rabbit and sheep 
are greater than the corresponding serum lev- 
els, hence amylase must be produced in the 
tubes of these animals. Amylase is also found 
in the Fallopian tubes of the rat, dog, hog, 
guinea pig, cat and monkey but in lower con- 
centrations than the corresponding sera. High 
levels of amylase are found in the fluids from 
cysts associated with human Fallopian tubes. 


We wish to thank Eli Lilly and Co. and Drs. H. A. 
Dettwiler and H. K. Cohen for generously providing 
monkey sera and Fallopian tubes used in these ex- 


periments. 
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Serum Glycoproteins in Monozygotic and Dizygotic Twins.” (24271) 


W. LeRoy HEINRICHS AND M. R. SHETLAR 
Department of Biochemistry, University of Oklahoma School of Medicine, Oklahoma City, Okla. 


Numerous studies have been reported con- 
cerning alterations of serum glycoproteins in 
pathological states. The field has recently 
been reviewed by Stary(1) and by Winzler 
(2). However, few studies(3,4,5) have dealt 
with the variations found in normal individ- 
uals and the factors which influence them. 
This study was undertaken to evaluate the 
effect of genetic factors on the serum glyco- 
protein levels. 

Methods. Subjects were volunteer twins 
from the Oklahoma City schools and ranged 
from 13 to 19 years of age. A medical history 
was taken, fingerprints were made, and an- 
thropometric data was recorded at the time 
that blood samples were taken. The twins 
were divided into monozygotic and dizygotic 
groups according to the criteria of Newman 
(6). 

Paper strip electrophoresis studies of pro- 
tein and glycoprotein were made as previously 
described(7). Total serum glycoprotein was 
quantitated by hexose determination by the 
tryptophan method(8). Seromucoid was iso- 
lated by the method of Weimer and Redlich- 
Moshin(9) and quantitated by the tryptophan 
method. Total serum protein was determined 
by the biuret reaction. 

Results. Total glycoprotein hexose aver- 
aged 122 mg per 100 ml (range 98-142); 
seromucoid averaged 12.5 mg per 100 ml 
(range 10-18) for the total group. No sig- 
nificant difference in regard to these results 
was found between the monozygotic and dizy- 
gotic groups, or between either group of twins 
and control group of normal adults. The sta- 
tistical studies of the differences between 
monozygotic pairs as contrasted to the dif- 
ferences between dizygotic pairs are summar- 
ized in Table I. In nearly all cases average 
differences between monozygotic pairs were 


* This investigation was supported in part by NIH 
part-time medical research Fellowships and by a 
Senior Research Fellowship from the Public Health 
Service. 


found to be smaller than average differences 
between dizygotic pairs. However, only total 
glycoprotein hexose and albumin protein were 
significantly lower at the 1% level of signifi- 
cance. 

Since a trend toward closer agreement be- 
tween identical twins as compared to fraternal 
twins occurs, it would appear that the concen- 
trations of the various serum protein and gly- 
coprotein fractions are controlled partly by 
genetic factors. The genetic factors, however, 
would appear to be of minor importance in 
the normal individual at adolescence. Since 
inflammatory conditions, even those minor in 
nature, are known to have noticeable influ- 
ence on the serum glycoprotein level, it may 
be postulated that the recent history of the 
individual may have more effect than the 
genetic factors. This postulation is borne out 
by the data from one pair of monozygotic 
twins; one twin, who had rheumatic fever 4 


TABLE I. Comparison of Monozygotie and Dizy- 
gotie Twin Pairs. 


Avg difference 
between twins* 


Mono- 

Constituent zygotic Dizygotic T value 
T. protein 22 Al 1.66 
Glycoprotein hexose 5.5 16.6 2.87 

(mg/100 ml) 

(Glycoprotein + T. 06 16 2.18f 

protein) X 100 
Seromucoid 8 1.5 1.20 
Protein fractions 

Albumin 1.8 3.8 2.821 
a,-globulin 6 4 Mts 
a t” 1.1 1.6 38 
B- J eal 1.3 12 
- ge 1.8 3.2 1.94 
Glycoprotein fractions 
Albumin 2.4 2.2 30 
a,-globulin Usa 2.4 1.10 
aie 2.9 4.3 1.12 
B- % 1.8 2.5 83 
Y- = 2.4 2.7 25 


“Based on 13 pairs of monozygotic and 9 pairs 
of dizygotic twins. 

+ Significant at 1% level. 

a ” ”? 5% ” 
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years previous to the study, had both a higher 
glycoprotein (136 v. 125 mg/100 ml) and a 
higher serum protein (7.74 v. 7.16). A sec- 
ond monozygotic pair included one twin with 
a history of a cold one week previous to 
sampling (glycoprotein 133 mg/100 ml v. 
122 for the other twin). 

Summary and conclusions. The influence 
of genetic factors on the levels of total serum 
glycoprotein hexose, seromucoid hexose, and 
the bound hexose of electrophoretic fractions 
were investigated by comparing the differ- 
ences found between monozygotic twin pairs 
as contrasted to the differences between dizy- 
gotic twin pairs. The differences between to- 
tal serum glycoprotein hexose of the mono- 
zygotic twin pairs were significantly lower 
than those found for the dizygotic twins. The 
quantity of hexose bound to various electro- 
phoretic fractions was found to be closer be- 
tween monozygotic than between dizygotic 
twins. However, these differences were not 
significant statistically. It may be concluded 
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that genetic factors play a minor role in es- 
tablishment of normal levels of serum protein 
and glycoprotein. 
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Skipper et al., who investigated the dis- 
tribution of methyl-C!*-bis (beta-chloroethy]) 
amine, (HN2), in mice observed that appre- 
ciable amounts of radiocarbon were excreted 
in the form of carbon dioxide(1). In our 
laboratory similar results were obtained in 
rats. It was shown that only small amounts 
of the C!4-methyl group of HN2 were trans- 
ferred by transmethylation mechanisms(2). 
Subsequent studies showed that in the micro- 
somal fraction of rabbit and rat liver homoge- 
nates there existed an enzyme system which 
could readily demethylate and oxidize the la- 
bile methyl group of HN2. It also was dem- 
onstrated that such an im vitro preparation 


* This investigation was supported by grants from 
U. S. Public Health Service, Am. Cancer Society 
and by a contract with U. S. Atomic Energy Com- 
mission. 


removed the N-ethyl group of HN2, although 
at a slower rate than the methyl group(3). 
Thus, there was a possibility that the liver, 
through demethylation and de-ethylation, was 
able to metabolize sufficient amounts of the 
injected drug in a short time to justify the 
assumption that the observed de-alkylations 
represented a detoxication mechanism. 

This investigation was undertaken with the 
aim of determining how much radioisotope 
was excreted by the liver via the lymphatic 
and biliary systems after intravenous admin- 
istration, and if these systems still contained 
significant amounts of cytotoxic materials. 
Additional studies were carried out in order 
to determine if preferential routing of the 
HN2 through the liver influenced the toxicity 
of the drug. 

Methods. The methyl-C™ bis (beta-chloro- 
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ethyl) amine HCl was obtained from the U.S.. 
Atomic Energy Commission and had a spe- 
cific activity of 15.2 wc per mg. Radioactivity 
was assayed in a continuous gas flow propor- 
tional counter on infinitely thin plated sam- 
ples. All animals used in this study were 
adult Osborn-Mendel rats. Collection of 
lymph or bile was accomplished under sterile 
conditions through cannulae in the thoracic 
duct and/or the common bile duct. The ani- 
mals were placed in restraining cages and the 
fluids collected from PE 10 polyethylene tub- 
ing while the animals were fed and watered ad 
libitum. |Non-labeled nitrogen mustard 
(“mustargen-Merck”) was injected under 
ether anesthesia at concentrations of 1.0 mg/ 
ml through the femoral vein or, following 
laparotomy, through the vena cava or the 
portal vein of the rat. 


Toxicity of bile or lymph obtained from 
the rats was estimated by tissue culture assay. 
Fragments of embryonic C3H mouse hearts 
were grown in roller tubes. The nutrient 
(Gey’s) was withdrawn after growth was es- 
tablished and exchanged for nutrient-bile or 
nutrient-lymph mixtures. Toxicity of bile or 
lymph was determined on fragments cultured 
for 48 hours. The tissue cultures were exposed 
to lymph or bile for 6 hours. Following resti- 
tution of the normal nutrient the individual 
fragments were graded 18 hours later on the 
basis of cellular rounding, granulation, and 
the extent of disintegration and compared 
with control tubes. At least 20 tissue culture 
fragments were employed for each determina- 
tion of cytotoxicity. 

Results. About 30% of the intravenously 
administered radioactivity from C?!-methyl 
labeled HN2 was excreted in 24 hours through 
the common bile duct. During the same pe- 
riod 15% of the radioactivity was collected in 
thoracic duct lymph. 

Comparison of specific activity of bile, 
lymph and blood indicated that bile contained 
3 to 4 times the radioactivity of the lymph and 
from 25 to 35 times that of blood at compar- 
able intervals after injection of the radioactive 
drug. Assay of bile obtained at varying in- 
tervals after injection of HN2 into the rat 
showed that this bile did not contain sufficient 
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TABLE I. Effect of Bile and Lymph from HN2 
Treated Rats on Embryonic Mouse Heart Tissue 


Cultures. 
% of clonal 
fibroblasts % of clones 
Cone. of showing: showing ly- 
Substance HN2in Round- Granu- sis and dis- 
tested mg/ml ing lation integration 
Bile 5xX10** 20-25 20-25 10-20 
i“ Lc 103% 7-95 o-o0 75-95 
i a0 0- 5 10-20 0- 5 
‘< 4x 10? t 0- 5 25-50 0- 5 
Lymph 110°* 75-95 75-95 75-95 
ee He enliOina 0- 5 50-75 0- 5 
3 4>10*t 50-75 75-95 50-75 


* Known amounts of HN2 added as Mustargen. 
t+ Amounts of HN2 calculated on basis of C con- 
tent. 


cytotoxic material (or unchanged drug) to ac- 
count for the radioactivity observed in these 
samples (Table I). Subsequent chromato- 
graphic studies indicated that there was little 
or no unchanged drug present in the bile. Ex- 
posure of tissue culture fragments to diluted 
samples of thoracic duct lymph showed that 
lymph contained some residual cytotoxic ma- 
terial (Table I). Calculations based on 
amount of radioactivity in samples withdrawn 
2 and 4 hours after injection indicated that 
one-tenth of the radioactivity may have been 
present in the form of cytotoxic material or as 
unchanged HN2. Lymph and bile obtained 
from untreated rats failed to protect tissue 
culture fragments against the deleterious ef- 
fects of added HN2. To determine if passage 
of HN2 through the liver prior to reaching 
the systemic circulation had an effect on over- 
all toxicity of HN2, the drug was injected at 
an LDs» level via the portal vein. Control 
animals received the HN2 by injection into 
the vena cava or femoral vein. There was no 
significant difference between survival rates of 
the portal vein injected and femoral vein in- 
jected rats (Table Il). The reason for the 


TABLE II. Effect of Route of Administration of 
an LD5 Dose of HN2 on Mortality Rate of Adult 
Rats. 


Route of No. rats died No. rats 

admin, No. rats within 10 days survived 
Femoral vein 20 12 8 
Vena cava a7, 14 3 
Portal vein 20 13 7 
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slightly higher mortality rate in vena cava in- 
jected animals was not evident. 


Summary and conclusion. It was concluded 
that a major portion of intravenously injected 
HN2 passes through the liver of the animal. 
There, metabolic alterations, possibly other 
than simple de-alkylations, take place which 
lead to the biliary or lymphatic excretion of 
compounds the toxicity of which is greatly at- 
tenuated. It was demonstrated, however, that 
a single passage of the drug through the liver 
does not suffice to influence mortality rate 
due to an LD; dose significantly. Detoxica- 
tion of HN2 or its immediate metabolites in 
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the liver, does not proceed at a sufficiently 
rapid rate to change the clinical course of 
mustard intoxication. This substantiates our 
previous observations which indicated that the 
effects of the drug on the organism are ini- 
tiated quite rapidly following its administra- 
tion. 


1, Skipper, H. E., Bennett, L. L., Langham, W. H., 
Cancer, 1951, v4, 1025. 

2. Trams, E. G., Klopp, C. T., Cancer Research, 
1955, v15, 617. 

3. Smith, P. K., Nadkarni, M. V., Trams, E. G., 
Davison, C., Ann. N. Y. Acad. Sci., 1958, v68, 834. 
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Epitu B. FARNSWORTH 
Passavant Memorial Hospital, Chicago, IIl. 


The finding of 17-ketosteroids (17-KS) in 
gastric juice(1) warrants a more extended in- 
vestigation. The present report comprises 
analyses of 28 samples obtained from 16 pa- 
tients who were accepted at random and with- 
out consideration of age, sex or diagnosis. 

Methods. Samples of gastric juice were ob- 
tained in 2 ways: 1) aspiration of the 
stomach one hour after instillation of 200 cc 
of 10% glucose in water or, 2) aspiration by 
Levine tube attached to the Wangensteen suc- 
tion apparatus. Those obtained by simple as- 
piration were taken in the morning from an 
otherwise fasted stomach; material removed 
from the suction system was taken at unde- 
termined times. After determination of the 
pH and adjustment to 1.0 or slightly less, the 
samples were boiled for 10 minutes under a 
reflux condenser, cooled and extracted with 
ether. Separation with the Girard T reagent 
was practiced and the extract was again evap- 
orated to dryness. The resultant dry material 
was dissolved in 5 cc of freshly distilled ethyl 


* Thanks are extended to Dr. Chiadao Chen for 
his helpful suggestions; also to Mr. Paul Withers for 
performing the aspirations and to Mrs. A. L. Hare for 
splendid technical assistance. 


alcohol. After development of color with 
dinitrobenzene and KOH, the aliquots were 
read in the Coleman spectrophotometer. A 
standard curve was developed with each lot 
of unknowns. 

Results. The results are detailed in the ac- 
companying table. Values have been calcu- 
lated on the basis of milligrams per liter of 
gastric juice. 

Discussion. Comparison of the pH values 
with those of the 17-KS fails to suggest a di- 
rect correlation. Of greater interest is the 
magnitude of some of the quoted values in 
comparison with the negligible concentrations 
of 17-KS found in blood plasma. In this con- 
nection, Samuels et al.(2) reported that there 
are no measurable amounts of 17-KS in peri- 
pheral human blood. Other investigators(3, 
4) using modified procedures, have carried 
out successful analyses of plasma for dehydro- 
epiandrosterone (DHA) and _ androsterone. 
On the basis of these individualized methods, 
Gardner quotes values for normal males of 
40-130 pg/100 ml, with somewhat lower fig- 
ures for females. Recalling that DHA could 
hardly be expected to be present in association 
with the pH commonly found in gastric juice, 
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TABLE I. 17-Ketosteroids in Gastric Juice. 


Date 17-Keto. 
Case Sex (1958) Clinical notes pH & color (mg/1) 
1 fe) 5/23 Postoperative cholecystectomy and hemicolectomy 4.5 Green as 
24 1.3 4 : 
2 fe) 23 Adrenalectomy; during surgery. HydrocortisoneIV 6.3 i 9.2 
24 Postoperative—24 hr 3.4 3 4 
3 fe) 6/10 Diverticulitis with obstruction 2.1 fe 2.6 
10 LT 4 3.2 
13 1.4 cs trace 
Lon aD 24 Small bowel obstruction, prior to surgery; on iE 8.2 
hydrocortisone IV. 
a 15 Postoperative; partial gastrectomy 6.7 Buff ; 
15 ON: an 
16 6.8 Orange trace 
6 2 15 Colectomy. Hydrocortisone, 100 mg IV. 1.7 Yellow 4.6 
7 & 18 Partial gastrectomy 6.8 Buff 2.0 
8 a 5/27 Gastrie ulcer 1.7. Colorless 15.0 
9 a 27 Cholecystitis 2.0 mi 4.2 
LO eer 29 No gastro-intestinal disease 2.5 . 2.5 
aN Ba 29 Bleeding peptic ulcer 1.4 oe 6.0 
125s 29 Pyloric ulcer 3.0 “ 4.6 
13 & 29 Cirrhosis of liver 2.3 2 2.9 
14 @ 6/ 6 Duodenal ulcer NE a 4.0 
15 4 6 Rheumatic heart 1.8 a 1.4 
GR ON o/22 Chronic nephritis with uremia 1.0 
24 Idem 2.8 
28 4 2.6 
28 v4 2.6 
28 ~ 2.0 
4/12 ie 0 
12 ” 0 


* Aspiration by constant suction, 


nor would it have survived the acid hydrolysis 
to which our samples were subjected, it is 
probably safe to assume that the values found 
in gastric juice are far in excess of what might 
be present in the plasma and are comparable 
to those found in urine. 

On the other hand, intimations of correla- 
tion can be found, even in these few prelimi- 
nary analyses, with intravenously adminis- 
tered hydrocortisone. Most strikingly sug- 
gestive is the second case, in which the first 
specimen was taken during surgical removal 
of the adrenals, while 100 mg of hydrocorti- 
sone were being administered by intravenous 
drip. The second sample was withdrawn on 
the following day, at which time the replace- 
ment therapy was given in smaller doses, by 
the intramuscular route, and 17-KS concen- 
tration had dropped from 9.2 mg per liter to 
0.4. 


+ Simple aspiration. 


It will be noted that the instances in which 
17-KS were absent entirely or present only in 
trace were 2, a male patient who had under- 
gone partial gastrectomy, and a female who 
was in the pre-terminal phase of chronic glo- 
merulonephritis with high-grade uremia. Fur- 
ther studies are required for even a tentative 
interpretation of these findings. 

Conclusions. Ether-soluble material giving 
a positive Zimmerman reaction is present 
in gastric juice in varying concentrations. 
Evidence is lacking of a direct correla- 
tion between acidity of the juice and 
concentration of the steroids. Concentra- 
tion of 17-KS in gastric juice is shown 
to increase markedly during intravenous 
administration of hydrocortisone; hence it 
appears to reflect to some extent the blood 
level of hydrocortisone. The inference is jus- 
tified that the gastric mucosa is the site of 
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active steroid metabolism. 
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Assay of “Hemopoietine” in Starved Animals; Properties of Urinary 


Hemopoietine. 
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G. Honcson, M. Perreta, D. YupILEviIcH, AND I. ESKUCHE 
(Introduced by A. S. Gordon) 


Laboratorio de Fisica Nuclear Pura y Aplicada, Universidad de Chile, Santiago 


The effects of plasma from anemic rabbits 
on plasma iron turnover of normal rabbits 
have been described(1). A clear increase in 
plasma iron turnover was produced by native 
and boiled plasma from phenylhydrazine 
treated rabbits; bled rabbits’ plasma _pro- 
duced a slighter effect and only after dialysis. 
Although rich in Hemopoietine, plasma from 
phenylhydrazine treated animals is not an 
economic source for abundant material neces- 
sary for chemical fractionation studies. In 
view therefore of our previous findings that 
“Hemopoietine” appears in urine(2,3), it 
was decided to use urine from anemic animals, 
as a source of ‘“‘Hemopoietine” for chemical 
studies. Before doing this it was necessary, 
however, to work out a satisfactory method 
for Hemopoietine concentration, and also have 
available an adequate test for assaying the 
various fractions quantitatively. Use of 
plasma iron turnover studies in normal rab- 
bits as a routine assay is impractical, because 
of large amounts of material required. Pre- 
liminary experiments with normal rats, meas- 
uring Fe®® uptake in erythrocytes, indicated 
that this was not a satisfactory bio-assay ani- 
mal either. It was with great interest there- 
fore that we read of the experiments which 
demonstrated that animals with depressed 
erythropoiesis, presumably a consequence of 
low endogenous hemopoietine titers, were very 
sensitive to extracts from plasma of anemic 
animals (4,5). 

This communication presents results of ex- 
periments in which starved rats with depressed 


erythropoiesis(5), were used as assay animals 
to develop a method for Hemopoietine con- 
centration, and to describe the application of 
this method to the study of some properties 
of urinary Hemopoietine. 

Method donor animals. Rabbits of both 
sexes, average weight 2 kg, were used. Treat- 
ment of these animals has been described(1). 
For urine collection the rabbits were main- 
tained in metabolic cages, and urine collected 
in sterile glass flasks kept in an ice-salt mix- 
ture. The urine obtained was centrifuged and 
then kept frozen until further treatment. 

A. Receptor rabbits. To test the effect of 
Hemopoietine on Hb synthesis in starved 
animals, extract of boiled plasma from phe- 
nylhydrazine treated rabbits prepared accord- 
ing to Borsook (6), were injected intravenously 
(10 ml/kg), twice a day for 2 days, in fasted 
male rabbits (2 kg). Animals were fasted 2 
days before and during injection period. Fe*® 
was injected on morning of 5th day of fasting, 
and plasma iron turnover and Fe’? incorpora- 
tion into red cells studied by methods previ- 
ously described(1). The results of this ex- 
periment are summarized in Table I. 

B. Receptor albino rats. In preliminary 
tests for adequate method of concentration for 
Hemopoietine, starved male albino rats, of 
weights indicated in Table II, were used. 
These rats were fasted 2 days previous to 
Hemopoietine injections and for 3 days there- 
after. Hemopoietine preparations were in- 
jected intravenously (tail vein) twice a day on 
third and fourth day of fasting. Fe, 0.2 
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TABLE I. Plasma Iron Turnover and Fe® in Erythrocytes of: Normal Rabbits (N.R.), Starved 
Rabbits Injected with: Saline (S.R.S.), Normal Rabbits’ Boiled Plasma (S.R.N.R.P.) and 
Phenylhydrazine Treated Rabbits’ Boiled Plasma (S.R.Ph.R.P.). 


Plasma iron Erythrocytes Fe”, 
No. turnover time Plasmairon, Plasma iron % dose 
Group rabbits constant, %/hr pg/ml turnover, wg/hr 24 hr 48 hr 
N.R. 5 43.2 + 1.6 2.93 + 31 106 +5.2 49.7 + 5.0 60.9=24.0 
S.RB.S. 5 22, = 3.15 2.76 + .83 51.2 + 4.5 12°8\ == 1.6) 36.9722 6.9 
S.R.N.R.P. 6 18 + 3.85 3.48 + .42 56.7 + 6.2 ihn USS Ay = ahopilh este) 
S.R.Ph.R.P. 9 56.4 + 1.23 WOW ae onl 97.4 + 8.4 481+46 74 +41 


pc/rat was injected on morning of Sth day 
of fasting, approximately 18 hr after last 
Hemopoietine injection. Fe°®? was injected in- 
travenously (femoral vein) under light ether 
anesthesia, as iron-ascorbate, incubated in 
normal rat serum. An aliquot of dose diluted 
to 10 ml was kept as standard. 20 hr after 
Fe°® injection, the animals were anesthetized 
with ether and exsanguinated by aortic punc- 
ture using a heparinized syringe. Blood ra- 
dioactivity was determined in 2 ml sample 
using a scintillation counter. Hematocrits 
were done using standard technics. In a 
small group of starved rats, total circulating 
red cell volume was determined after 5 days 
of starving using Fe? tagged red cell method. 
The average value obtained: 2.29 + 0.13 
ml/100 g (pre-fasting weight) was used for 
calculation of Fe®® uptake in erythrocytes. 
C. Starved grey rats. The studies described 
above were continued using male grey rats 
obtained from stock of Instituto de Biologia 
Juan Noe, University of Chile. It was neces- 
sary to vary the technic a little. The receptor 
rats were fasted for 4 days, received subcu- 
taneous injections of Hemopoietine, twice a 
day on 2nd or 3rd day and again in morning 
of 4th day of fasting, 1 hour prior to Fe°® in- 


jection. Doses given are shown in Table III 
24 hr after Fe injection, the animals 
were anesthetized with ether, exsanguinated 
by aortic puncture, and liver removed 
for radioactivity measurements. In_ preli- 
minary experiments, measuring femurs and 
spleen as well, most valuable informa- 
tion could be obtained from counting only 
liver and blood. In some of these starved rats 
total red cell volume was determined by the 
Fe? tagged red cell method, on morning of 
5th day of fasting. Advantage was taken of 
this experiment to determine amount of blood 
radioactivity remaining in liver after exsan- 
guination. The mean circulating red cell vol- 
ume in these animals was 2.42 + 0.14 ml/100 
g (pre-fasting weight) and 2.13% of total 
blood radioactivity was present in the liver 
corresponding to 100 g rat (pre-fasting 
weight). These values were used for calcu- 
lation of Fe®® in erythrocytes and liver. 
Results. A. Effect of boiled plasma from 
phenylhydrazine treated rabbits on plasma 
iron turnover and Fe°® incorporation into red 
cells in fasted rabbits. The results sum- 
marized in Table I show that fasting lowers 
plasma iron turnover to about 50% of its 
normal value. Fe*? incorporation into eryth- 


TABLE II, Fe” in Erythrocytes of Starved Male Albino Rats. Rats of groups 1 to 3 weighed 


from 180-220 g; those of groups 4-9 between 250-320 g. 


Abbreviations: B.P., extract of boiled 


plasma; R., rabbit; N., normal; Ph., phenylhydrazine treated; Al. ext., aleoholic extract; BL, 
bled; U., urine. 


erythrocytes 


Dose of material inj./rat 


No. % Fe 
Group animals 

(1) Saline 8 4.7 
@oeE PINE, 6 7.4 
(Gy Mele ezn Ry, 15 37.7 
(4) Saline 11 Haley 
(5) BYP. Ph Ri; 5 42.4 
(6) Allyexte bee Re 7 43.7 
Gi) Al, Cs Be eb iver, 6 32.0 
(8) Alvext. U.Ph Rua 6 43.6 

24.3 


COAT Oxt. (Uh Blake 4 


MHHHHHHH EI 


ie 


ior 8 ml 9°/,, NaCl sol. 
607, 8 ” extract from 6 ml boiled plasma 
3.10 Idem 
2.05 8 ml 9°/,, NaCl sol. 
4,20 10 mg Biuret positive material 
3.42 Idem 
3.60 2 
4,20 
5,85 
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TABLE III. Fe® (% of Injected Dose) in Erythrocytes and Liver of Starved Rats, Average 


Weight 160 g, Injected with Crude Aleoholie Extract of: 
Phenylhydrazine Treated Rabbits’ Urine (C.Ph.R.U.) 


Normal Rabbits’ Urine (C.N.R.U.), 
and Aleoholie (Al.) Extracts of the 


Latter, 
SO SOS 
- : Erythrocyte Relative 

; No. Erythrocyte liver ratio,  specifie 

Group animals Fe®, % Liver Fe, % E/L activity, % 
(1) Saline a a a ar eer 59+ .07 
(2) C.N.R.U. 10 mg 6 15+248 16.7 41.91 15+ .22 
(3) C.Ph.R.U. 10 mg 6 60.7+1838 7.2+1.2 8.0° +123 100 
(4) 50% Al., pH 7, Ph.R.U.10mg 6 328.542.6 103+ .938 3.27 + .46 36 
(5) 50% Al., pH 4, Ph.R.U. 4 mg 6 30.7 + 1.89 Bio ae si Ny ae 105 
(6) C.Ph.R.U. 16 mg 4 41.8 + 2.82 58+ .44 74 + .96 100 
(7) 50% Al., pH 4.5, C.Ph.R.U. 6 19.7 + 3.5 9:9 + 1.3 22 + 18 24 

16 mg nt 

(8) 50%-80% Al., pH 4.5, 6 60.2+5.14 49+ 18 13.7 +2.48 193* 


C.Ph.R.U. 16 mg 


* Relative specific activities are calculated as ratio 


A E/L/dose x 
A E/1/dose erude 


, where A E/UL is in- 


crease of E/T. ratio; dose x, dose of purified material, and dose crude, starting material. 


tocytes, especially at 24 hr, is also notably 
diminished. Extracts of boiled plasma from 
phenylhydrazine treated rabbits increase 
plasma iron turnover and Fe™ uptake in 
erythrocytes significantly. Extracts of boiled 
normal rabbit plasma do not affect these in- 
dexes. 

B. Effect of various ““Hemopoietine” pre pa- 
rations on Fe’ uptake by red cells in starved 
albino rats. Table II summarizes results on 
effect of Hemopoietine on Fe” uptake by 
erythrocytes of starved male albino rats. Ex- 
tracts of boiled plasma from phenylhydrazine 
treated rabbits, notably increases the per- 
centage of Fe®*® appearing in red cells at 20 
hr. (II-3). Extract of boiled normal plasma 
produces a slight increase of Fe incorpora- 
tion, when compared with control and experi- 
mental series run simultaneously (II-1-2). 
The factor responsible for the effect of ex- 
tracts of. boiled anemic plasma is non-dialyza- 
ble. It flocculates on treatment with saturated 
(NH,4)2SO, at pH 4.5. On treatment of 
water extracts obtained from boiled plasma of 
phenylhydrazine treated rabbits with 4 vol. 
ethanol at pH 4.5 an abundant precipitate 
formed, which was easily separated from su- 
pernatant by centrifuging. The precipitate 
obtained was extracted with 9°/o9 NaCl solu- 
tion, and the soluble fraction was tested for 
activity. Table II (5,6) shows results of 
assay of this type of crude alcoholic fraction 
of boiled plasma, which has the same activity 


as original boiled plasma extract. The dose 
was 10 mg Biuret reacting material/rat. All 
the Biuret reacting material in solution pre- 
cipitated on treatment with phosphotungstic 
acid, not as in the case of the aqueous extract 
of boiled plasma, in which only a part of the 
Biuret reacting material came down with 
phosphotungstic acid. In view of the positive 
result of this assay, it was decided to test for 
activity in extracts obtained in a similar 
fashion from urine collected from rabbits after 
3 bleedings (once a day, 15 ml/kg) and urine 
from phenylhydrazine treated rabbits, col- 
lected after 5 injections of phenylhydrazine 
(10 mg/kg). The phenylhydrazine treated 
donors were exsanguinated after urine collec- 
tion and the alcohol extract of boiled plasma 
also tested for activity. Table II (7,8,9) 
shows clearly that the activity of extracts of 
urine from phenylhydrazine treated donors, 
is greater than that of boiled plasma of the 
same donors, and the latter is greater than 
that of the urine of bled rabbits. 

The crude urinary extract was tested for 
presence of phenylhydrazine using a Fiegel 
spot test, sensitive to 0.04 »g(7) and shown 
to give no color reaction. 

C. Bio-assay and properties of urinary He- 
mopoietine. Fig. 1 shows the results of a 
quantitative bio-assay, using crude alcoholic 
extract of urine of phenylhydrazine treated 
rabbits. In Fig. la it can be seen that Fe’® 
of erythrocytes at 24 hr is proportional 
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DOSE RESPONSE RELATION 


FRACTION OF FEIN ERYTHROCYTES AT 24 bs. 


dose in milligrams 


5 9 
HAP IN ERYTHROCYTES AT 24h5 89 wv LIVER AT 24 hs 


x 


Erythrocytes [siver 


~--N © A wy a 


dose in milligrams 


FIG. 1. Starved male rats inj. with different doses of Biuret reacting material of urine of 
phenylhydrazine treated rabbits. 


(r>.994) to log. of dose of urinary Hemo- 
poietine, expressed as mg Biuret reacting ma- 
terial. Fig. 1b) shows that the ratio Fe*® 
of erythrocytes/Fe*® of liver at 24 hr is pro- 
portional to dose of urinary Hemopoietine 
(r>.998). Table III shows results of other 
experiments with Hemopoietine in grey rats. 
The most active urinary fraction to date was 
obtained from the crude alcoholic precipitate 
of anemic urine, by the following procedure: 
the precipitate was extracted with 0.1 m ace- 
tate buffer pH 4.5 and the solution treated 
with one vol. ethanol. The precipitate which 
formed showed lower specific activity than 
the crude extract (Table III-6-7); the super- 
natant however, on treatment with another 
3 vol. of alcohol gave a precipitate whose spe- 
cific activity is greater than that of the crude 
extract (Table III-8). Table III-2 shows 
that the extract of normal rabbit’s urine has 
no effect. The precipitate which forms on 
treating the crude extract at pH 7 with 1 vol, 
alcohol has low activity, while that which 
forms on lowering pH to 4 has as high specific 
activity as the starting material (Table ITI- 
3-4-5). 

Discussion. The observations on starved 
rabbits clearly show that there is a notable 
decrease in Hb synthesis as reflected by low 
plasma iron turnover and low incorporation of 
Fe®? in erythrocytes. The analysis of Fe>® 
uptake in red cells at 24 and 48 hr suggests 
that aside from a decrease in iron consumption 


by bone marrow, there is also in this case an 
increase of maturation time of red cell pre- 
cursors in bone marrow, which makes the es- 
timate of erythropoiesis, as measured by up- 
take at 24 hr alone, lower than it actually is. 
The plasma iron turnover in fasted rabbits is 
as low as the minimum value observed by 
Bothwell e¢ al.(8) in experiments in which X 
irradiation was used to suppress red cell for- 
mation. But in the case of starvation, the de- 
pression of erythropoiesis is not a consequence 
of marrow damage, but probably reflects low 
Hemopoietine titers(5) and can be reversed 
by administration of exogenous Hemopoietine, 
in the form of extract of boiled plasma from 
phenylhydrazine treated rabbits. The effect 
of this plasma extract is probably specific, and 
not the consequence of administration of 
amino acids, glucose and a few milligrams of 
protein that are present in the extract, as ex- 
tract of boiled normal plasma, which conceiv- 
ably contains similar quantities of these com- 
ponents, has no significant effect. The quan- 
tities of Hemopoietine in normal plasma were 
probably in this case insufficient to obtain ef- 
fective blood concentration. 

The observations on starved rats confirm 
the finding of depressed erythropoiesis(5) in 
these animals and show that they are practical 
assay animals for Hemopoietine. Simultane- 
ous study of Fe*® in red cells and liver shows 
that low erythrocyte Fe®® in starved rats is 
not only a consequence of delayed maturation 
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of bone marrow precursors, but reflects a 
change in iron distribution with smaller up- 
take by the erythroid marrow and a greater 
proportion of iron going to body stores, as 
represented by the liver. Hemopoietine in- 
jection increases iron uptake by marrow and 
diminishes that of the stores. The significant 
linear correlation between Erythrocyte Fe™* 
and log, dose, and Erythrocyte/liver Fe®® 
ratio and dose of Hemopoietine, demonstrates 
the feasibility of carrying out quantitative 
bio-assays, using the criterion of specific ac- 
tivity in chemical fractionation studies of He- 
mopoietine. In comparing Fig. 1-a and 1-b, 
it can be seen that the measurement of E/1 
ratio permits detection of smaller amounts of 
Hemopoietine than does the measurement of 
Fe®*® in erythrocytes alone; 2 mg and 4 mg 
of crude urine alcoholic extract respectively. 


If one analyzes that data obtained in nor- 
mal rats taking into account the dose response 
relationship shown in Fig. 1, some interesting 
conclusions can be drawn with respect to as- 
say of Hemopoietine in normal animals. Thus 
Fe** uptake in normal rats (32%) is seen to 
correspond to uptake of starved rats injected 
with 8 mg urinary extract. The increase of 
Fe*® uptake observed by us in normal animals, 
on receiving 10 mg of an extract of boiled 
plasma (32.8 to 44.9%) is in the range of 
what would have been predicted by the dose- 
response curve of Fig. 1. Thus a dose of 10 
mg given to a starved rat increases Fe*? up- 
take 3 fold, while a similar dose given to nor- 
mal animal increases uptake in only 37%. 
The gain in sensitivity obtained by using 
starved animals is manifest. 

The presence of “Hemopoietine” activity 
in urine of bled and phenylhydrazine treated 
animals, confirms the results of previous ex- 
periments(2,3) and accords with the findings 
of Piliero et al.(9), Van Dyke et al.(10) and 
Winkert ef al.(11) in urine from anemic pa- 
tients. The fact that extracts of urine from 
phenylhydrazine treated rabbits are more ac- 
tive than those from bled rabbits is in agree- 
ment with the findings that plasma from 
phenylhydrazine treated animals has more 
erythropoietic activity than that of bled don- 
ors(1,12). The abundance of Hemopoietine 
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in phenylhydrazine treated animals’ urine 
presents a valuable source of material for 
study, as it is not difficult to maintain rab- 
bits for prolonged periods of time in a state 
of chronic hemolytic anemia, and obtain sev- 
eral liters of urine from them. 

The evidence so far presented by various 
laboratories points to the protein(13) or poly- 
peptide nature of Hemopoietine, and suggests 
that it may be classified as a mucoprotein 
(14,15). The properties here described for He- 
mopoietine obtained from urine and plasma 
accord with the properties described for mu- 
coproteins, as chemical analysis of active frac- 
tions shows that they contain more than 10 
mg total neutral sugar (Orcinol) per 100 mg 
protein (Biuret). 

Summary. 1. Fasted rabbits and rats were 
used as assay animals for Hemopoietine prepa- 
rations. Depressed erythropoiesis manifests 
itself by low plasma iron turnover and uptake 
of Fe®® in erythrocytes in rabbits, and by low 
erythrocyte and high liver Fe®® in rats. 2. 
Injections of extracts of boiled plasma from 
phenylhydrazine-treated rabbits increases 
plasma iron turnover and Fe*® uptake by 
erythrocytes in rabbits, and produces an in- 
crease in erythrocyte Fe®®, accompanied by a 
drop of liver Fe®® in rats. Uptake of Fe®® in 
erythrocytes is proportional to log dose of He- 
mopoietine administered, while Fe? erythro- 
cyte/liver ratio is proportional to dose. Ac- 
tive fractions have been prepared from both 
urine and plasma of anemic rabbits by alcohol 
fractionation. The active material is non- 
dialyzable and contains more than 10 mg car- 
bohydrate per 100 mg protein. 
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Reports dealing with diabetes insipidus in 
partially hypophysectomized rats have seldom 
described operative technics(1-6). This re- 
port sets forth in detail the surgical technic 
of neurohypophysectomy as performed in over 
500 animals during the past 5 years, and also 
more recent experience with hypothalamic 
lesions produced with a stereotaxic instru- 
ment. The water exchange in acute and 
chronic DI as well as other conditions result- 
ing from such lesions will also be discussed. 

Methods. Svrague-Dawley rats of either 
sex, weighing approximately 200 g, were sub- 
jected to neurohypophysectomy by the para- 
pharyngeal approach. Clean but not sterile 
technic was used. The procedure as described 
by Smith(7) and Thompson(8&) has been 
modified in 2 important respects: 1) ether is 
used as the anesthetic because it avoids res- 
piratory depression often seen with barbitur- 
ates, and 2) after making a midline neck in- 
cision extending from lower jaw to sternal 
notch, the trachea is incised just below the 
thyroid cartilage parallel and between 2 rings 
of tracheal cartilage. A glass tube 4 mm in 
diameter, 5-6 cm long and tapered to 2 mm at 


* This investigation was supported in part by 
Volker Grant, Am. Med. Assn., and grant from Nat. 
Inst. of Arthritis and Metabolic N.1.H., 
GES Us bs), 
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the end serves as a tracheal cannula thru 
which ether may be administered. Except 
during actual administration of the anesthetic, 
it is important to remove ether bottle to avoid 
COs accumulation and hypoxia. A bloodless 
plane of dissection between deep strap mus- 
cles on the right side of neck can be found by 
gently retracting with 2 pairs of curved for- 
ceps. The digastric muscle is not cut as by 
Thompson(8&) because retraction of the tra- 
chea permits adequate exposure of the basi- 
sphenoid area of skull. Two curved paper 
clip retractors are now placed in the plane 
separating the deep neck muscles dissected on 
the right side. The exposed basisphenoid 
area, which can be recognized by the V-shaped 
muscles inserting along the midline, is freed 
of its muscle attachment. An important land- 
mark can now be seen—intersection-of a 
longitudinal ridge (crista occipitalis) with the 
blue transverse cartilage (occipito-sphenoid 
synchondrosis). Approximately 1mm rostral 
to this intersection a hole is drilled and en- 
larged with a No. 9 dental burr (a smaller 
size burr may be used to start the hole). Two 
precautions should be observed during drill- 
ing; occasionally a blood sinus in the bone 
located in rostral portion of hole may be en- 
tered, resulting in a brisk oozing of blood 
which can be stopped only by sustained pres- 
sure best applied using #3 round dental pel- 


D1aBeEreEs INsIpipus IN THE RAT 


TABLE I. Results of Various Procedures Designed 
to Produee Diabetes Insipidus in the Rat. 


% of survivors 
developing 


No. % mor- Acute Chronic 
Procedure* operated tality DI DI 
DI 300 20 60 20 
Cc 20 20 30 138 
C+ DI 200 22 70 25 
DI + KS or 30 50 30 20 
C+DI+Ks 


* DI, neurohypophysectomy ; C, cautery of stalk; 
KS, hypothalamie lesions. 


lets serving as tampons. To some extent this 
injury in bone sinus can be avoided by cen- 
tering the hole at the intersection in older ani- 
mals. The second precaution is to avoid drill- 
ing completely through the inner table of 
skull, but to leave a thin shelf of bone which 
is then carefully removed by a curved, sharp, 
pointed pick and fine curved forceps. Re- 
moval of bone in this manner prevents dam- 
age to the gland itself by the burr. The pro- 
cedure should then be completed with the aid 
of a binocular dissecting microscope with mag- 
nification of 7 to 10X or a loupe. After the 
bone is completely removed, the underlying 
tough dural membrane enclosing the pituitary 
gland is slit down the middle with aid of the 
pick. The pink anterior lobe immediately 
bulges into the opening. Complete exposure 
of the anterior lobe may be afforded by hook- 
ing the pick under the free margin of the 
membrane and pulling each half of the mem- 
brane toward the outer margins of the hole 
as far as possible. Gentle retraction, using 
2 picks, one on either side of the anterior lobe, 
or one pick and a capillary suction pipette, re- 
sults in a plane of separation permitting di- 
vision of anterior lobe into 2 halves between 
which lies the white, fluffy, vermis-like inter- 
mediate lobe. The gland of the female is 
relatively larger and more friable than that of 
the male. By gentle manipulation of the dis- 
secting needles and curved capillary suction 
tube, the dark purple-colored posterior lobe 
can be mobilized, and while restraining the 2 
halves of the anterior lobe with the fine curved 
forceps, suction is abruptly applied to the in- 
termediate and posterior lobes. After tracheal 
secretions have been aspirated, a single suture 
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consisting of 6-0 silk joined to an atraumatic 
needle (‘‘eye suture”) is placed on either side 
of the tracheal ring bordering the tracheal 
opening. Trial closure of the tracheostomy 
is carried out before the tie is secured. Be- 
fore suturing, skin margins are freed from 
underlying connective tissue to allow more 
space for accumulation of any serous fluid. 
Ballooning of wound after closure indicates an 
air leak either from trachea or from fistula in 
the hypopharynx. The former can easily be 
repaired but the fistula is difficult or impos- 
sible to repair; such animals are best dis- 
carded since death will most certainly occur 
early in the postoperative period. Final step 
in the procedure is aspiration of blood and 
mucus from nares and oropharynx. With 
skill entire procedure takes 15-20 minutes. 
Requirements for postoperative care are sim- 
ple: Room temperature should be 78-80° F, 
animal in individual cage for at least 10 days, 
and regular stock diet. Use of cautery. The 
technic is the same as described above with 
certain modifications. After separation of the 
anterior lobe from the neurohypophysis, the 
exposed end of a No. 26 varnished copper wire 
electrode is applied to the proximal end of 
stalk. The indifferent electrode is placed in 
the rectum. A current of 3 to 5 milliamperes 
for 15 to 18 seconds is applied to the stalk 
without damaging the neighboring anterior 
lobe. Usually this results in appearance of 
small bubbles in the fluid bathing the elec- 
trode and sometimes even an eschar. The 
neurohypophysis is then gently dissected free 
from the coagulum and aspirated as described 
above. Use of stereotaxic instrument.) The 
technic employed has been similar to that de- 
scribed by McCann(9) with minor modifica- 
tions. The aim is to destroy the supraoptic 
and paraventricular nuclei producing ADH. 

Results. A summary of results covering 
operative mortality and the development of 
acute and chronic DI in 550 rats is given in 


t May be furnished by a D.C. Heathkit regulated 
power supply with a milliammeter and voltmeter in 
the circuit. 

§ The instrument and atlas of cross-sectional anato- 
my of the rat brain are available from Johnson In- 
strument Co., Berwyn, Il. 
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Table I. In this study DI is considered pres- 
ent when urine output is 3 or more times that 
of normal rats of comparable weight on a 
Fox-chow, water ad lib. diet. Approximately 
6% of animals operated excreted 100 ml or 
more of urine/day at some time during post- 
operative period (Table II). In 4 the group 
with transient DI a residual defect in urine 
concentration persisted despite urine output 
within the range of normal to 3 times normal. 
The remainder, % of the group, returned to 
a normal condition. Chronic DI developed 
more frequently after hypothalamic lesions 
than with other technics, and the highest urine 
outputs occurred in these animals. But this 
advantage was more than offset by higher 
mortality and the work involved in perform- 
ing an extra procedure (hypothalamic lesions 
in normal rats are less satisfactory). Three 
such animals had sustained polyuria, excret- 
ing 150-240 ml of urine for several weeks and 
in 2 of the 3 obesity due to hyperphagia was 
also present. 

Early postoperative course. Urine output 
may be quite variable for the first few days. 
Passage of dilute urine within hours after 
surgery occurred even before animals began 
to drink water. Despite the extreme degree 
of fluid exchange seen early in some of these 
animals, there was a sudden or gradual decline 
in rate of water exchange to a level only 2 to 
3 times normal. However, in about 50% of 
such animals 2 permanent abnormalities re- 
mained: 1) urine specific gravity persisted 
at lower than normal value and did not reach 
that of controls even after large isolated doses 
of pitressin, and 2) when the animal was of- 


TABLE II. Excretion of 100 ml or More of Urine 
per Day (1 Day or Longer) in Survivors of Var- 
ious Operative Technics. 


Urine output 


(nl/day ) Sp. gravity 
Procedure* No. Avg Range Avg Range 
DI 18 148 105-170 1.007 1.005-1.008 
C 1 182 1.009 
C+ DI 11 150 113-175 1.007 1.008-1.012 
C+ DI+ | 2 222 186-258 1.004 1.003-1.005 
KS 2t 178 161-166 1.004 1.012-1.025 


* See footnote, Table I. 
+ Polyuria was associated with hyperphagia and 
obesity. 


DIABETES INSIPIDUS IN THE RAT 


Pitressin 500ma 
in Me 


Expected 
Normal 


OT 234.5 67 6 9 10 II 12 13 73 74 75 16 77 78 79 80 
Days Post~Op 


DATE oP. WT. Rat m55 DI,KS 


J-16s67 8 DT 150 
8-31-57 KS 274 
1-11-57 Died 175 


rn ow 
oso So 
oe S 


-mi. 


1.005 


n 
n 
o 


160 


Daily Urine Volume 
rs 
So 


Died 61st.day— 


t 5 0°15 20 25 30 35 40 45 50 55 60 


OP. Days Post-Op KS 


Urine Volume -ml 


123 45 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 
Months Post~Op 

FIG. 1 (top). Pattern of fluid exchange in neu- 
rohypophysectomized rat. Exaggerated response to 
drinking 1% NaCl substituted for water on 73rd 
postoperative day. 

FIG, 2 (center). Unusual course in fluid ex- 
change in rat with neurohypophysectomy and elec- 
trolytie lesions of the hypothalamus. 

FIG. 3 (bottom). Avg daily urine output on 
stock diet in 3 neurohypophysectomized rats. 


fered 1% NaCl in place of water as sole drink- 
ing fluid there was a sharp increase in level of 
fluid exchange far exceeding the response of 
a normal rat to this maneuver (Fig. 1). An 
atypical course in one animal charactreized by 
unexplained extreme fluctuations in fluid ex- 
change is illustrated in Fig. 2. 


Chronic diabetes insipidus. One-third of 
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all animals with acute DI developed chronic 
DI. That diabetes insipidus can be both se- 
vere and permanent is illustrated in Fig. 3 
which shows average daily urine output over 
a long period of 3 animals subjected to neuro- 
hypophysectomy. Diabetes insipidus animals 
with severe polyuria generally do not show 
signs of anterior pituitary deficiency such as 
inactivity, weakness, fur changes or testicular 
atrophy. 

Other postoperative syndrome. Electrolytic 
lesions made with the stereotaxic instruments 
produced a variety of other sequelae deserving 
mention. In contrast to the syndrome char- 
acterized by viciousness, hyperphagia, poly- 
dipsia, polyuria and eventual obesity, other 
animals with brain lesions made in the same 
manner refused to eat, drink or move about 
the cage and died within a few days. Life 
could not be prolonged beyond an extra few 
days by administration of DCA, cortisone or 
parenteral glucose and saline. In some rats 
arching of spine and ataxia on forced move- 
ment was noted. Others were extremely agi- 
tated as soon as they recovered from anes- 
thesia and circled the cage incessantly as if 
trying to escape. They, too, ate and drank 
little or nothing and within a few days died 
in a state of apparent exhaustion. It is im- 
portant to note that many of these animals 
excreted dilute urine early postoperatively 
even in complete absence of food or water in- 
take. Pitressin administration produced an 
increase in urine concentration without ap- 
preciably affecting the volume. 


Discussion. The existence of permanent DI 
in the rat has been questioned by some work- 
ers(10,12), but others have observed DI of 
long duration(1,4,5). Diabetes insipidus it- 
self has been arbitrarily defined and therefore 
the reported duration and severity may differ 
from one report to another. Compared to 
values reported by others(1,4,5,6), it is evi- 
dent that excretion of urine exceeding 100 
ml/day by animals weighing 250-300 g re- 
flects severe ADH deficiency. Assuming 
glomerular filtration rate (GFR) of 0.6 ml/ 
min/100 g body weight for the rat(13), ex- 
cretion of 100 ml of urine/day by a 250 g rat 
amounts to 4.6% of total plasma filtered. As- 
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suming for man, 187 liters of plasma is fil- 
tered/day, the same fraction excreted would 
produce 8.6 liters/day which approximates 
the output of the human with DI of average 
severity. The highest daily urine output ever 
recorded in these DI rats (258 ml, corre- 
sponding to 11.9% of the total plasma fil- 
tered) would be comparable to a urine out- 
put in the human of over 21 liters, a figure 
rarely reported even in most extreme cases of 
human DI. Inasmuch as maximum concen- 
trating ability of rat kidney is greater than 
the human kidney (2000 mosm/1 vs. 1500 
mosm/1(14), respectively), urine output in 
these rats with severe DI is even more im- 
pressive. 


It is clear from these postoperative results 
and from the work of others that amount of 
urine excreted depends not only on ADH, but 
also on rate of water and solute excretion, 
which in turn depends on the integrity of the 
appetite(15-17) and drinking centers(18). 
Damage to these centers even in absence of 
ADH leads to oliguria and hyposthenuria and 
may explain the unexpected appetite for salt 
(Fig. 1) and fluctuating thirst (Fig. 2). It is 
well known that diuresis induced in DI sub- 
jects by isotonic saline can be interrupted by 
pitressin. Degree of response is a function of 
pitressin dosage and rate of solute excretion 
(21), and Jacobson and Kellogg(22) have 
even shown that pitressin can inhibit diuresis 
induced in normal rats with hypertonic saline 
(0.23 M NaCl). The prompt antidiuresis 
caused by a relatively large dose of pitressin 
(Fig. 1) may also be explained in this way. 

Summary. Experience with several tech- 
nics for producing experimental diabetes in- 
sipidus (DI) in 550 rats has been described. 
These include neurohypophysectomy, cautery 
of stalk, and electrolytic lesions of the hypo- 
thalamus produced with aid of a stereotaxic 
instrument. 


I am grateful to Dr. E. B. Flink for helpful sug- 
gestions and review of the manuscript. 
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It has been recognized that the pituitary 
gland plays a role in regulation of lipid me- 
tabolism. Injection of pituitary substances 
into experimental animals has been reported 
to produce the following changes: (A) De- 
crease in fat content of carcass and adipose 
tissue, and increase in fat content of liver(1, 
2); (B) Increase of ketone bodies in blood 
and urine(2,3,4); (C) Depression of respira- 
tory quotient(5); (D) Increase in plasma 
content of unesterified fatty acids(6). These 
effects appear to result from mobilization of 
lipid from fat depots, with subsequent deposi- 
tion of fat in the liver, and increased oxidation 
of fatty acids associated with accumulation of 
ketone bodies(2,7,8). Increase in liver fat 
content has been observed following injection 
of anterior pituitary extract, and of various 
anterior pituitary fractions, including adreno- 
tropic, growth, and thyrotropic preparations 
(9,10). Increase in plasma unesterified fatty 


* This investigation was supported by research 
grants from N. Y. Heart Assn. and:Nat. Heart Inst., 
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acids has been observed after injection of 
growth hormone(6). A further effect of pi- 
tuitary material upon circulating lipids has 
been described. Evans(11), Munoz(12), 
Baumann(13), and Campbell(14) observed 
lipemia in dogs and rabbits made diabetic by 
repeated injections of anterior pituitary ex- 
tract or of purified growth hormone. Green- 
baum(15) described a transitory increase in 
plasma triglyceride of rats receiving daily in- 
jections of growth hormone. Seifter(16) re- 
ported that a dialyzable material obtained 
from posterior lobe of hog pituitary is in- 
hibitor of post-heparin plasma clearing factor 
and causes an increase in plasma lipids of 
animals with liver damage, or of animals 
fasted for 20 hours. The present study was 
undertaken to determine the effect of injec- 
tions of crude pituitary extract and of various 
purified pituitary fractions, upon serum lipid 
pattern of the rabbit. 

Methods. Male rabbits weighing 2.5 to 4 
kg were used. They were fed Purina rabbit 
chow with the exception that in experiments 
where blood sugar determinations were made 
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TOTAL LIPID CHOL. 
(mg%) 


RABBIT SC: EFFECT OF ASINGLE INJECTION QF 
ALKALINE EXTRACT OF HOG PITUITARY GLAND. 


FIG. 1. Time eurve of lipemic response following 
single subeut. inj. of extract of 100 mg lyophilized 
whole hog pituitary gland. 


the food was withheld 3 hours before bleeding. 
Analytical methods are described in the fol- 
lowing references: serum cholesterol(17), se- 
rum total lipid(18), blood sugar(19), plasma 
unesterified fatty acids(20), paper electro- 
phoresis of serum(21). Samples of lyophilized 


FIG. 2. Electrophoretic patterns of sera obtained 


¢ Recent experiments show that more efficient ex- 
traction is obtained with 0.1N NaOH for 15 minutes 


ates 
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or acetone-desiccated whole pituitary gland 
were pulverized in mortar, then extracted for 
S hours at 5°C with M/10 NasHPO, (125 
ml for 1 g of pituitary powder). The suspen- 
sion was clarified by centrifugation and fil- 
tration. Approximately 40% of the pituitary 
material is extracted by alkaline solution.+ 


Results. A single subcutaneous injection 
of the extract from 100 mg of lyophilized 
whole hog pituitary caused gross lipemia in 
16 of 20 rabbits. The increase in serum cho- 
lesterol and total lipid values was apparent 
6 hours after injection. It reached a maxi- 
mum in 18 hours and usually disappeared 
within 48 hours (Fig. 1). Electrophoretic 
study of serum in 5 rabbits following a single 
subcutaneous injection of lyophilized hog 
pituitary extract showed that most of the 
newly appearing serum lipid had little or no 
mobility and thus consisted largely of chylo- 
micra (Fig. 2). In 5 other rabbits which re- 
ceived a daily injection of pituitary extract 
for 3 days, the lipemia was maintained during 
entire period and on the 4th day electrophore- 


during lipemic response following single 


subcut. inj. of extract of 100 mg of lyophilized whole hog pituitary gland. Serum was obtained 
before inj., and 6, 12, 18, 27 and 52 hr after inj. Arrows indicate origin in each tracing. 
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mg% INCREASE IN 
CHOL. TOTAL LIPID 
80 


60 
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FIG. 3. Relationship of response to dose. Vertical 
axis: increase in total lipid and cholesterol values 
of serum 18 hr after single subcut. inj. of extract 
of lyophilized whole hog pituitary gland. Horizon- 
tal axis: logarithm of dose (mg gland/kg body 
wt). Each point represents avg increase in serum 
total lipid or serum cholesterol of 6 rabbits. 
Crosses represent increase in total lipid. Open 
circles represent increase in cholesterol. 


sis showed a prominent beta-lipoprotein peak 
in addition to the chylomicron peak. A change 
in alpha lipoprotein was not observed. An 
additional finding in 3 of 5 rabbits during the 
first 24 hours after injection, was an increase 
in a protein component which had no electro- 
phoretic mobility (Fig. 2). This may repre- 
sent gamma-globulin, or a protein associated 
with the chylomicra. A 2 to 3 fold increase 
in serum unesterified fatty acids was found 
in 4 rabbits whose unesterified fatty acids 
were determined before, and 18 hours after, 
a single injection of hog pituitary extract 
(Table I). Blood sugar levels were deter- 
mined in 20 rabbits during control and lipemic 


periods and showed no significant change. In 
5 of these rabbits, in which intravenous glu- 
cose tolerance tests (0.5 g glucose/kg body 
weight) were done during control and lipemic 
periods, there was no detectable change in 
glucose tolerance curve during the lipemic 
period. 

Dose-response relationship was studied in 
5 groups of 6 rabbits which received doses of 
lyophilized whole hog pituitary extract repre- 
senting 5, 7.5, 10, 15 and 20 mg of gland/kg 
body weight respectively. The response, R, 
(increase in serum cholesterol or serum total 
lipid 18 hours after a single injection) , showed 
a linear relationship to the logarithm of dose, 
D, (mg of pituitary gland/weight of rabbit in 
kg). This relationship is shown in Fig. 3. The 
dose-response equations were: Renolesterol = 
120 LOGio D —85; Reigtar lipid — 18 (120 
LOG» D -85). 

Dose-response curves were also obtained 
with several other pituitary samples. Lipe- 
mia-producing activity of lyophilized hog 
whole pituitary gland, and of lyophilized hog 
anterior pituitary gland, was 3 to 4 times 
greater than that of acetone-desiccated prepa- 
rations of whole hog, sheep or beef pituitary. 
Frozen human pituitary glands obtained at 
autopsy, through the courtesy of Dr. Sigmund 
L. Wilens, had an activity comparable to that 
of lyophilized whole hog pituitary glands. 
Dose-response curves obtained with samples 
of lyophilized anterior and posterior hog pitui- 
tary lobes indicate that the activity of a sin- 
gle anterior lobe is about 7 times greater than 
that of a single posterior lobe. 


Crude anterior pituitary extract is known to 
contain 6 fractions with distinct hormonal ac- 
tivities. The lipemia-producing activity of 


TABLE I. Effect of Hog Pituitary Gland Extract upon Serum Unesterified Fatty Acids. Each 
rabbit received a single injection of extract representing 60 mg of lyophilized whole hog pitui- 


tary. 
Unesterified fatty acids | Serum cholesterol Serum total lipid 
(ueq/1) (mg %) (mg %) 
Before 18 hr Before 18 hr Before 18 hr 
Rabbit inj. after inj. inj. after inj. inj. after inj. 

CAL. 190 630 56 162 400 2080 
RA. 220 600 55 116 380 2220 
K. 180 670 62 152 410 2180 
TUL. 150 390 66 128 440 1180 
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TABLE II. Effect of Crude Pituitary Extract and of Vari i itui i 
AL t uit arious Anterior Pituitary Fractions upon S 
Lipids of Rabbit. Serum total lipid was measured before, and 18 hours after, Anat Gabentanecee ae 


jection of each preparation. 
SSS _—E———— 
No. of 


rabbits 
Oxycel ACTH (Armour R216- 3 
170A) 


Preparation Dosage 


a, + a2 corticotropin (Lederle 5 ACO Peace 
$1079-31) 

41 + y2 corticotropin (Lederle 4 B70). (3 
$1079-45) 

Growth hormone (Armour 5 12.5 mg 
R50109) 

Idem 4 Sv he 

Laectogenie hormone (Ar- 12.5 ” 
mour R10109) 

Thyrotropie hormone (Ar- 3 TRO REO) 
mour $3112) 

Follicle-stimulating hormone a 25 mg 
(Armour 19911) 

Luteinizing hormone (Ar- a uae Sg 
mour §10407) 

Lyophilized whole hog 6 ee es 
pituitary extr. 

Idem 5 7, a 


Change in serum total lipid (mg %) 


120 LU. (48mg) -10t (+20, +220, -265)§ 


”) 0 (+110, 0, +10, -50,-80) 
” ) +10 (+40, +130, -120, -20) 
+10 (-120, +160, -30, +110, -70) 


+250 (+110, +60, +30, +790) 
+30 (+50, +160, +10, -120) 


+10 (+100, -80, +15) 

+30 (+20, +110, -60, +30) 

+40 (+80, -50, +115, +10) 

+540 (+570, +380, +1180, +1150, -30, 40) 


+1450 (+1680, +1810, +740, +1790, +1250) 


* Represents soluble pituitary material extracted from 23 mg of lyophilized pituitary gland. 


t Idem 
¢ Avg serum total lipid change of group. 
§ Total lipid change of each rabbit in group. 


these purified anterior pituitary fractions was 
compared with activity of crude extract 
(Table II). The extract derived from 60 mg 
of lyophilized whole hog pituitary gland con- 
tains 24 mg of soluble pituitary material; a 
single injection of this amount of crude ex- 
tract consistently produces lipemia in the rab- 
bit (Table II). Each of the 6 purified an- 
terior pituitary fractions was tested at a 
dosage level which is 5 or more times greater 
than the amount of hormone which is con- 
tained in 60 mg of whole hog pituitary gland. 
Follicle-stimulating, luteinizing, lactogenic, 
and thyrotropic hormones had no effect upon 
rabbits’ serum lipids at corresponding dosage 
of 10 mg, 12.5 mg, 12.5 mg, and 10 Interna- 
tional Units. Growth hormone had no effect 
at dose of 12.5 mg, but at dose of 25 mg 
caused a significant increase in serum total 
lipid content in 1 of 4 rabbits. Oxycel-puri- 
fied ACTH had no effect in a dosage of 120 
I.U. “Peptide” ACTH preparations, fur- 
nished by Dr. Paul H. Bell of Lederle Labora- 
tories, had no detectable effect upon the rab- 


60 mg 


bits’ serum lipids in dosages containing 270 
I.U. of ACTH activity. 

The lipemia-producing material in the ex- 
tract of lyophilized whole hog pituitary gland 
showed these properties: (1) Activity was 
unchanged when the extract was stored 1 
week at —15°C. (2) Activity was destroyed 
by heating at 100°C for 30 minutes, at pH 
4.5 or 7.0. (3) Extracts which had been 
dialyzed 48 hours against running tap water 
showed no detectable loss of activity. No 
activity was present in the dialysate obtained 
by equilibrating a suspension of 300 mg of 
powdered gland through viscose tubing 
against 30 ml M/10 NazHPO, at 4°C for 24 
hours. (4) All activity of the crude extract 
could be recovered from the precipitate ob- 
tained by addition of 2 volumes of saturated 
ammonium sulphate at pH 6.5. (5) When 
spun in ultracentrifuge at 40,000 rpm for 20 
hours, the active material did not sediment or 
float at specific gravity 1.22. All activity was 
concentrated in the lower fraction after ultra- 
centrifugation at 40,000 rpm for 20 hours at 
specific gravity 1.005. (6) The active ma- 
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terial was completely adsorbed by calcium 
phosphate gel at pH 4.0. It was eluted from 
the gel by M/10 sodium phosphate buffer at 
pH 10. These properties are consistent with 
the hypothesis that the active material is a 
protein. 

Discussion. The results indicate that crude 
extracts of lyophilized whole or anterior pitui- 
tary glands, derived from men, hogs, sheep, 
or cattle, contain a substance which causes 
lipemia in the rabbit. The relationship of 
the lipemia effect to increase in liver fat con- 
tent and to increase in production of ketone 
bodies, described by other investigators, fol- 
lowing injections of pituitary preparations, 
remains to be studied. All 3 effects may re- 
sult from release of stored fat from fat de- 
pots. 

Six different hormones are present in the 
anterior pituitary gland: wiz. adrenotropic, 
growth, lactogenic, thyrotropic, follicle-stimu- 
lating, and luteinizing hormones. Purified 
preparations of these hormones had no sig- 
nificant effect upon serum lipids of the rabbit 
at dosages which contained at least 5 times 
the amount of hormone present in a lipemia- 
producing dose of the crude extract. These 
findings suggest either that the crude ex- 
tract of the gland contains a lipemia-produc- 
ing substance which is distinct from the recog- 
nized pituitary hormones, or that 2 or more 
pituitary hormones act in a synergistic man- 
ner upon the rabbit’s serum lipids. 

Summary. An extract prepared from lyo- 
philized hog anterior pituitary gland produces 
lipemia in rabbits. A similar effect is pro- 
duced by whole pituitary glands from men, 
hogs, sheep, and cattle. Activity of the crude 
extract of lyophilized glands is considerably 
greater than can be accounted for by the 
presence of any of the purified anterior pitui- 
tary fractions so far tested. This suggests 
that the lipemia-producing substance is dis- 
tinct from the recognized pituitary hormones, 
or that 2 or more pituitary hormones act in a 
synergistic manner upon the rabbit’s serum 
lipids. 
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Inhibitory Effect of a Serum Protein on Development of Opalescence in 


Lipoproteins Altered by Lecithinase C.* 


(24277) 


Erma KruMwiepe (Introduced by Ann G. Kuttner) 
Department of Pediatrics, N. Y. University-Belleune Medical Center, N. Y. City 


The production of opalescence by Cl. wel- 
chii in broth containing human sera was re- 
ported independently by Nagler(1) and by 
Seiffert(2). MacFarlane and Knight(3) 
demonstrated that the reaction was due to 
the presence of lecithinase C in the a toxin 
of Cl. welchii and that development of acid 
soluble phosphorus in human sera and egg 
yolk could be used as a measure of enzyme 
activity. In contrast to published data on 
the action of Cl. welchii toxin on human sera, 
reports of several observers on horse sera 
yielded contradictory results(4). The effect 
of lecithinase C on horse sera, therefore, was 


reinvestigated. 
Methods and materials. Methods for lipid 
extraction, cholesterol determinations and 


electrophoretic studies have been described 
(5). Lipid phosphorus and acid-soluble phos- 
phorus in trichloroacetic acid filtrates (9 parts 
trichloroacetic acid, 1 part test material) were 
determined by the method of Stewart and 
Hendry(6) as modified by Ahrens (personal 
communication). The specific gravity of ma- 
terial for ultracentrifugation was raised with 
a saturated solution of KBr in 8.5% NaCl. 
After 20 hours centrifugation at 40,000 rpm 
in a Spinco preparative ultracentrifuge, the 
infranates and supernates were removed with 
capillary pipettes and dialyzed against 8.5% 
NaCl to remove KBr. Crude a; lipoprotein 
fractions were prepared by a modification of 
the method of Macheboeuf(7). One volume 
of horse serumt and one volume of 8.5% 
NaCl were stirred with 2 volumes of a satu- 
rated solution of ammonium sulfate and fil- 
tered. The filtrate was adjusted to pH 4.5 
with 1N HCl at 30°C. The precipitate which 
formed was collected by centrifugation. After 
washing with 8.5% NaCl to remove all am- 


* Supported by grant from Dept. of Health, P.H.S., 
N.1.H., Bethesda, Md. 

+t Normal horse serum was generously supplied by 
Bureau of Laboratories, Dept. cf Health, N. Y. City. 


monium sulfate, it was emulsified in 8.5% 
NaCl (50 ml/L of serum). 1N NaOH was 
added until material dissolved and the pH 
adjusted to 7.0 with IN HCl. This serum 
fraction contained a; lipoproteins and a pro- 
tein which was shown by ultracentrifugation 
and lipid analysis to be lipid-free, hereafter 
referred to as L-FP. Borate buffer which was 
used to dilute all material was prepared by 
adding sufficient M/20 borax to M/5 boric 
acid in M/20 NaCl to bring the pH to 7.0. 
Filtrates of C. perfringens (Cl. welchii)+ used 
as a source of lecithinase C contained phos- 
phate buffer which was removed by precipita- 
tion with CaClo. To 5 ml of filtrate, 1 ml of 
0.5 M CaCl, and 4 ml of borate buffer, 1N 
NaOH was added until no further precipitate 
formed. After overnight refrigeration it was 
centrifuged and the precipitate discarded. The 
supernate contained traces of phosphorus and 
77 mg% Ca. Lecithinase was not standard- 
ized(3). Preliminary studies showed that 
maximum amount of acid soluble phosphorus 
released from lipoprotein fractions with equal 
lipid phosphorus content was dependent on 
unknown factors as well as concentration of 
lecithinase. Therefore, the amount of leci- 
thinase necessary for production of maximum 
hydrolysis was determined for each substrate 
by preliminary titration. In tests where de- 
velopment of opalescence only is reported 
description of these titrations is omitted. 
Merthiolate in a final concentration of 1-10,- 
000 was added to all materials. 

Results. Effect of lecithinase C on horse 
serum. One ml of horse serum and one ml 
of a 1-16 dilution of lecithinase C in borate 
buffer (pH 7.0) were incubated overnight at 
37°C. The results are presented in Table I. 
There was no correlation between develop- 
ment of acid soluble phosphorus and produc- 
tion of opalescence in sera in which the phos- 


tC. perfringens filtrates were kindly supplied by 
Lederle Laboratories. 
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TABLE I.. Effect of Lecithinase C on Horse Sera. 


Phospholipid 
hydrolyzed 


ASP* (%) Appearance 


0 clear 
” 


82 slightly opalescent 
80 milky 
* ASP = Acid soluble phosphorus. 


Percentages were obtained by dividing ASP con- 
tent by original lipid P content. 


pholipids were hydrolyzed by lecithinase C. 
These results indicate that a number of vari- 
able factors influence the effect of lecithinase 
C on phospholipids of horse sera. Since horse 
sera contain relatively large amounts of a; 
lipoproteins, the effect of lecithinase C on 
crude horse serum a; lipoprotein fractions was 
studied. 


Effect of lecithinase C on crude a, lipopro- 
tein fractions. Ten crude horse serum aj 
lipoprotein fractions were incubated overnight 
at 37°C with varying concentrations of leci- 
thinase C. Concentration of lipid phosphorus 
in the fractions varied from 0.040 to 0.080 
mg/ml. Percentage of phospholipid subject 
to hydrolysis by lecithinase C in different 
fractions varied from 65-90%. Four of the 
10 fractions remained clear and 6 developed 
traces of opalescence. There was no correla- 
tion between development of opalescence in 
lipoprotein fractions and sera from which they 
were prepared. 

Electrophoretic patterns. Paper electro- 
phoretic patterns(5) showing the effect of 
hydrolysis of phospholipids in a crude a, lipo- 
protein fraction by lecithinase C are shown in 
Fig. 1. The most marked changes in the 
electrophoretic patterns resulting from hy- 
drolysis of phospholipids by lecithinase C are 
a decrease in amount of L-FP and a slight in- 
crease in electrophoretic mobility of the a, 
lipoproteins. 

Trypsin digestion of crude a; lipoprotein 
fractions. Since free lipids do not generally 
move in an electrophoretic field, the electro- 
phoretic patterns of the crude a; lipoprotein 
fraction treated with lecithinase C (Fig. 1) 
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‘suggest that cholesterol and the diglyceride 


portion of hydrolyzed phospholipids remain 
bound to protein. To determine whether 
these lipids were protein-bound, the results of 
ether extraction of lipoprotein fractions be- 
fore and after enzyme action were compared. 
Only traces of lipid could be extracted with 
ether before and after treatment with lecithi- 
nase C. To obtain further evidence that lipids 
were still bound to protein, the effect of ether 
extraction following hydrolysis of the proteins 
with trypsin was investigated. Three crude 
a; lipoprotein fractions were incubated over- 
night at 37°C with lecithinase C (1.5 ml), 
with 1-400 trypsin’ (2.0 ml) and both leci- 
thinase and trypsin. Volumes were adjusted 
to 5 ml with borate buffer. The lipid content 
of the fractions, amount of phospholipid hy- 
drolyzed and ether extractable lipids are 
shown in Table II. Hydrolysis of the pro- 
teins by trypsin liberated a high percentage of 
lipids, while hydrolysis of the phospholipids 
by lecithinase C liberated little or no lipid. 
Although no chemical analyses were done to 
identify the lipids in the fat globules seen 
after hydrolysis of both the phospholipids and 
protein, they appear to represent the diglycer- 
ide portion of the hydrolyzed phospholipids. 
Bragdon’s method(8) for determination of 
neutral fat based on reduction of potassium 
dichromate by lipid carbon with subsequent 
correction for phospholipid and cholesterol 
content was used to determine diglyceride 
content. Low lipid phosphorus values pre- 
cluded calculations of amount of dichromate 
reduced by phospholipids. Amount of di- 
chromate reduced therefore is given as a crude 
measure of lipid content. These experiments 
showed not only that lipid-protein linkages 
were present after hydrolysis of the phospho- 
lipids by lecithinase C but also that more 
phospholipid could be hydrolyzed when the 
proteins were hydrolyzed by trypsin. 
Ultracentrifugation. The a, lipoproteins 
and L-FP in 4 crude lipoprotein fractions were 
separated by ultracentrifugation at specific 
gravity 1.175. The supernate contained a, 
lipoproteins. The infranates of 3 contained 
§ Salt free trypsin, Worthington Biochemical Co; 
Freehold, N. J. 25 mg in 10 ml distilled H,0. 
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Lecithinase C, ml/ml 0 
Lipid P, mg/ml 
ASP, mg/ml 0 
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FIG. 1. Decrease in lipid-free protein accompanying hydrolysis of phospholipids in a crude ay 

lipoprotein fraction by lecithinase C. Final volume of each test was brought to 1.0 ml with 
borate buffer and incubated overnight at 37°C, 


only L-FP. The infranate of the fourth con- 
tained L-FP and traces of albumin which had 
not been detected in electrophoretic patterns 
of the original material. The 4 a, lipoprotein 
fractions were incubated overnight with leci- 
thinase C. Three became opalescent and a 
precipitate formed in the fourth. To deter- 
mine whether lipids were still bound to pro- 
tein 0.8 ml samples were incubated overnight 
with 0.2 ml of 1-200 trypsin. All developed 
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073 


a thick creamy appearance suggesting that 
lipids were freed when the protein was hydro- 
lyzed. 

Effect of L-FP on development of opales- 
cence in lipoprotein fractions. An a, lipopro- 
tein fraction was treated with lecithinase C 
after addition of decreasing amounts of the 
L-FP fraction containing albumin, L-FP 
markedly reduced precipitation and develop- 
ment of opalescence but did not influence 
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TABLE II. Lipids in Ether Soluble Form and Appearance of Crude a; Lipoprotein Fractions 
Treated with Lecithinase C, Trypsin, and Both Lecithinase and Trypsin. 


-——Lipids in ether soluble form—— 


Total lipid 


fat 


Increase in ASP 
—After treatment with—, 


content Leeithin- Lecithin- 
before Lec- ase and Leci- ase and 
treatment Control thinase Trypsin trypsin thinase trypsin 
Lot fe = mg/ml a 
1. Lipid P .092 trace trace 055 trace 084 089 
Cholesterol 1.670 16 alla 1.07 1.61 
Dichromate reduced 85.7 5.0 4.6 33.3 41.9 
Appearance before clear clear opales- visible 
ether extr. cent fat 
2. Lipid P .088 trace trace 034 trace .078 081 
Cholesterol 1.710 16 16 1.4 1.4 
Dichromate reduced 67.7 trace trace — 41.7 52.0 
Appearance before clear clear opales- visible 
ether extr. cent fat 
3. Lipid P 085 trace trace O77 trace O71 080 
Cholesterol 1.369 186 221 945 966 
Dichromate reduced 5.0 ible 44.3 46.7 
Appearance before clear clear opales- visible 
ether extr. cent fat 


liberation of acid soluble phosphorus. To rule 
out the possibility that L-FP might be exert- 
ing a non-specific effect, a freshly prepared 
a; lipoprotein fraction (sp. gr. 1.175) was 
treated with lecithinase C in the presence of 
5% bovine albumin,|| concentrated human 
serum albumin, 5% casein, egg white and 
the L-FP fraction containing albumin. Each 
test contained 0.2 ml of lipoprotein (439 mg/ 
ml lipid phosphorus), 0.1 ml of lecithinase C. 
0.2 ml of test material and borate buffer to 
1 ml. A control containing lipoprotein and 
lecithinase was included as were controls to 
determine effect of lecithinase on test ma- 
terials. Additional controls of test materials 
and lipoprotein were set up. The results 
showed that the effect of L-FP on develop- 
ment of opalescence is specific. Only a trace 
of opalescence was observed in the presence 
of L-FP while marked opalescence and a pre- 
cipitate were seen in tests containing only 
lipoprotein and lecithinase. Marked opales- 
cence but no precipitate developed in the 
presence of egg white suggesting that egg 
white may contain L-FP. 

Several pools of human plasma were frac- 


|| Bovine albumin powder, Armour Laboratories. 
{| Normal serum albumin (human) kindly supplied 
by American Red Cross. 


tionated. The yield of lipoprotein, which was 
smaller than that from horse serum, was 
greatly reduced when the material was washed 
sufficiently to eliminate albumin by removal 
of all ammonium sulfate. One human frac- 
tion containing visible fat globules and albu- 
min as well as lipoprotein and L-FP was used 
in the following experiments. Fat globules 
were first removed by ultracentrifugation at 
specific gravity 1.075 and the a, lipoproteins 
then separated from albumin and L-FP at 
specific gravity 1.175. Opalescence and a 
precipitate were observed when human lipo- 
protein was incubated with lecithinase C. No 
precipitate formed and opalescence was mark- 
edly reduced by addition of either horse or 
human L-FP. 


Standardization of L-FP on basis of nitro- 
gen content. Human serum to which 4 con- 
centrations of 3 albumin free lots of horse se- 
rum L-FP had been added were treated with 
lecithinase C. The results are shown in 
Table III. Development of opalescence was 
greatly reduced in presence of L-FP. Corre- 
lation between nitrogen content and suppres- 
sion of opalescence was not absolute suggest- 
ing that the L-FP samples were not pure. 


Influence of L-FP on development of opal- 
escence in human sera. Nine human sera 
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TABLE III. Effect of L-FP on Development of 
Opaleseenece in Human Serum. 


mg/ml L-FP nitrogen 


Lot /————————_ Lecithinase Serum 
fever. .26 0° 210 16.0 a0 control control 
Pet + eS im — 
Ul Se ee Le oe 4+ rail 
IIL + + + 24+ 4+ — 


Each test contained 0.25 ml of serum (0.084 mg/ 
ml lipid phosphorus), 0.05 ml of 1-5 lecithinase, 
and L-FP; lecithinase control, serum and lecithin- 
ase. All volumes were adjusted to 0.6 ml with 
borate buffer. Plus signs indicate degree of opal- 
escence, 


were treated with lecithinase C with and with- 
out addition of L-FP. Tests contained 0.5 
ml of serum, 0.1 ml of lecithinase and 0.3 ml 
of L-FP (Lot I, final nitrogen content 0.16 
mg/ml). L-FP was omitted from the leci- 
thinase controls. All volumes were adjusted 
to 1.2 ml with borate buffer and incubated 
overnight at 37°C. The results are shown in 
Table IV. Addition of L-FP markedly re- 
duced development of opalescence and milki- 
ness resulting from hydrolysis of phospho- 
lipids by lecithinase C in 8 of 9 sera. Reduc- 
tion of opalescence in serum (M.B.) which 
had high phospholipid and cholesterol values 
was only slight. To determine whether ad- 
dition of larger amounts of L-FP would fur- 
ther reduce the milkiness in this serum, it was 
treated with lecithinase C after the addition 
of L-FP (Lot II, Table III). With a final 
nitrogen concentration 0.019 mg/ml this lot 
markedly reduced development of opalescence. 
Two sera (P.N. and P.B.) were incubated 
with lecithinase C after addition of human 
L-FP. No opalescence developed although 
as much phospholipid was hydrolyzed as in 


(> 


lecithinase treated controls. 

Discussion. The development of opales- 
cence or milkiness in sera treated with leci- 
thinase C has generally been regarded as evi- 
dence of hydrolysis of phospholipids with sub- 
sequent liberation of lipids from lipoproteins 
(3,9,10). The work reported here was under- 
taken because of conflicting reports on devel- 
opment of opalescence in horse sera(4). It 
was found that hydrolysis of phospholipids 
in horse sera and crude horse serum lipopro- 
tein fractions does not always lead to develop- 
ment of opalescence. Electrophoretic patterns 
of lecithinase treated crude lipoprotein frac- 
tions showed that L-FP (a lipid-free protein) 
present in the fractions is reduced when phos- 
pholipid is hydrolyzed. It was then shown 
that L-FP from both human and horse sera 
suppressed opalescence in whole human sera 
as well as in a; lipoproteins obtained by ultra- 
centrifugation of crude horse and human frac- 
tions. Electrophoretic patterns also suggested 
that hydrolysis of the phospholipids altered 
but did not destroy the lipoproteins, 7.e., free 
the lipids from the protein. Further evidence 
of lipid-protein linkage after hydrolysis of the 
phospholipids in lipoproteins was obtained 
by ether extraction and trypsin digestion. The 
cholesterol and the diglyceride portion of the 
phospholipids remained bound to protein sug- 
gesting that phospholipids in a; lipoproteins 
are bound to protein through fatty acids by 
secondary valences(11,12). These findings 
appear to be at variance with those obtained 
by others. However, after high speed centri- 
fugation to separate the “freed lipids” Crook 
(9) found that the fatty layer was % protein 


TABLE IV. Effect of Horse Serum L-FP on Development of Opalescence in Human Sera 
Treated with Lecithinase C. 


Effect of lecithinase C 


Effect of lecithinase C & L-FP 


= iz SS —s 
Tnerease in 


ASP,mg/ml Opalescence 


Lipid P, 
mg/ml Increase in 
Serum in test 

ES: .037 .028 
PIB. .033 .028 
BAN: .038 03) 
MS. 034 028 
R.P .035 .031 
L.L. .034 029 
J.W. .038 031 
JH. .042 .036 
M.B .049 048 


ASP, mg/ml Opalescence 


4-4 029 + ? 

44 027 aii) 
2 029 “— 
tke 029 a 
4+ .030 +- 
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and Peterman(10) found a 5% nitrogen loss 
in the infranate. These results as well as 
those reported here suggest that lipid-protein 
bonds in lipoproteins are not necessarily de- 
stroyed by the action of lecithinase C. They 
suggest rather that solubility of the lipopro- 
tein is altered when phosphorylcholine is freed 
from the phospholipid. 


Although MacFarlane and Knight(3) sug- 
gested that the integrity of the lipoprotein 
complex might be dependent on lecithin, they 
pointed out that development of turbidity is 
a secondary reaction. At pH 5.9 to 7.1 they 
found that rate of hydrolysis to give ASP and 
development of turbidity are almost parallel, 
while at pH 9.3 rate of hydrolysis is faster 
than development of turbidity. Subsequently 
Oakley and Warrack(4) found that develop- 
ment of turbidity in lecithovitallin altered by 
lecithinase C was suppressed by high concen- 
trations of human sera. MacFarlane (per- 
sonal communication) observed that develop- 
ment of turbidity but not hydrolysis of leci- 
thin by Cl. welchii toxin was inhibited by high 
concentrations of normal human, guinea pig 
and rabbit sera. By simple ammonium sul- 
fate fractionation this author was able to 
demonstrate that the inhibitor was present 
only in the “albumin” fraction of sera. Brown 
et al.(13) have reported a coprotein in plasma 
which may act as an acceptor substance in 
conjunction with clearing factor. Both co- 
protein and L-FP are present in the supernate 
when sera are precipitated by 50% satura- 
tion with ammonium sulfate and neither is 
destroyed by dialysis. Both appear to pre- 
vent opalescence in sera in which lipids have 
been altered, coprotein working in conjunction 
with clearing factor and L-FP in conjunction 
with lecithinase C. Neither the effect of L- 
FP on lipids treated with clearing factor nor 
the effect of coprotein on lipoproteins acted on 
by lecithinase C has been investigated. Fur- 
ther work is necessary before the relation if 
any between L-FP and coprotein can be es- 
tablished. 


The role of L-FP in suppressing develop- 
ment of opalescence in lipoproteins acted on 
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by lecithinase C was not fully investigated. 
Although it was shown to suppress opalescence 
in human sera containing £6 lipoproteins its 
effect on £8 lipoprotein fractions was not 
studied. It appears possible that L-FP be- 
comes bound to diglyceride when phosphoryl- 
choline is liberated and that it takes the place 
of the charged ions of phosphorylcholine in 
making the lipoprotein soluble. Some evidence 
has been obtained that there is competition 
between L-FP and calcium and that the in- 
hibitory effect of L-FP is blocked by high 
concentrations of calcium (unpublished). 


Summary. 1. Hydrolysis of phospholipids 
of horse serum is not always accompanied by 
development of turbidity. 2. Although a, 
lipoprotein fractions from horse sera become 
opalescent with or without development of a 
precipitate following hydrolysis of the phos- 
pholipids by lecithinase C, cholesterol and the 
diglyceride portion of phospholipids remain 
bound to protein. 3. L-FP (a lipid-free pro- 
tein present in human and horse sera) sup- 
presses development of opalescence in a; lipo- 
protein fractions and whole human sera in 
which phospholipids are hydrolyzed by leci- 
thinase C. 
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Perphenazine (Trilafon®) and Chlorpromazine in Experimental Shock.* 
(24278) 


F. E. Rory, J. M. McKenna,t anp W. M. Govier 
(With technical assistance of G. Crossin) 
Department of Pharmacology, Schering Corp., Bloomfield, N. J., and Department of Biology, 
Seton Hall University, South Orange, N. J. 


Reduction of mortality in animals subjected 
to hemorrhage has been classically associated 
with sympathectomy(1) or pretreatment with 
drugs(2,3,4) which prevent compensatory re- 
sponse of excessive and prolonged vasocon- 
striction. Bacterial, metabolic, and other fac- 
tors have been implicated (5,6,7,8) in develop- 
ment of shock due to hemorrhage or trauma, 
but a causal relationship between these factors 
and shock is as yet incompletely established 
or controversial. It has been recently demon- 
strated that clinically useful ganglionic block- 
ing agents possess protective action when ad- 
ministered prophylactically in experimental 
shock(9,10). The effectiveness of chlorpro- 
mazine(11,12,13,14,15,16) in similar studies 
may be at least partly attributable to its 
adrenergic blocking activity. Other possible 
mechanisms of protection, not involving au- 
tonomic blockade, have not been clarified at 
this time. In this report, the protective action 
of perphenazine (PPZ), a new phenothiazine 
derivative(17,18) was compared with that of 
chlorpromazine (CPZ) in hemorrhage shock 
in dogs and traumatic shock in rats. 

Methods. Traumatic shock. Female Car- 
worth rats (110-140 g) were subjected to 
tumbling trauma by the Noble-Collip pro- 
cedure(19). The drum was revolved at 40 
rpm for 600 revolutions. Drugs were admin- 
istered intramuscularly 15 min before ex- 
posure to trauma. Animals which were dead 
on removal from the drum were not included 
in any calculations. The ratio of rats which 


* Presented in part at meeting of Federated Soc., 
Apr., 1958, Philadelphia, Pa. 

+ The studies on traumatic shock were performed 
by Dr. J. M. McKenna, supported by Schering Corp., 
and Am. Heart Assn.; address, Fairleigh Dickinson 
University, Teaneck, N. J. 

® TRILAFON is trade name of Schering’s perphen- 
azine (1-(2-hydroxyethy]) -4-[3- (2-chloro-10-pheno- 
thiazinyl) propyl] piperazine dihydrochloride). 


had survived for more than 24 hours to those 
which were alive on removal from the drum 
was calculated for each treatment and dose 
group. Untreated control animals were used 
with each dose group and survival of these 
never exceeded 35%. Hemorrhage shock was 
produced in 73 healthy mongrel dogs (7-15 
kg) anesthetized with sodium pentobarbital 
(30 mg/kg, iv). Bleeding was allowed from 
femoral artery to elevated reservoir bottle 
(2). The experiments were conducted dur- 
ing July, August, and September, in air-condi- 
tioned room, at 68-70°F. The entire pro- 
cedure, including all equipment and operative 
technic, was performed under aseptic condi- 
tions. Blood pressure was recorded from a 
side-arm in the bleeding-line by mercury 
manometer. The ipsilateral femoral vein was 
isolated for direct drug administration. Im- 
mediately following vessel exposure all dogs 
received heparin (5 mg/kg, iv) and additional 
30 mg injected into the reservoir bottle. Fol- 
lowing arrangement of femoral arterial bleed- 
ing system, the animals were allowed to bleed 
into the maximally elevated reservoir bottle 
until the blood column height had equili- 
brated with the blood pressure. Two dogs 
were simultaneously prepared in this fashion, 
one receiving drug treatment (doses expressed 
in terms of free base) and the other acting as 
untreated control. Immediately after equili- 
bration, a test drug was slowly administered, 
iv, and 15 min allowed for stabilization of 
blood pressure. The response to drug was a 
gradual decline in pressure not exceeding 15- 
30 mm Hg. During this drug-induced hypo- 
tensive phase there was a slight automatic re- 
infusion of blood back into the animal. Hem- 
orrhage was then simultaneously initiated in 
both dogs by gradual lowering of reservoir 
bottles for 7-10 min to attain desired blood 
pressure level of 30 mm Hg. Constancy of 
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TABLE I. Effects of Perphenazine and Chlorpro- 
mazine on Survival of Rats Exposed to Traumatic 
Shock (Noble-Collip Drum) .* 


Dose, mg/kg Survival ratio, 


Drug (intramuse.) No. survivors/No. tested 

%o 

Controls — 32/103 31 
PPZ 1.5 23/26 88 
8 Ti 100 

5 3/4 75 

4 5/9 55 

2 3/9 33 

CPZ 1.5 22/26 85 
8 9/9 100 

4 8/8 100 

2 9/12 75 


* 600 rotations at 40 r.p.m. 


this pressure level was_ self-regulatory(2). 
Initial bleeding volume (IBV) was recorded, 
and subsequent readings were made at 10 
minute intervals, or less. The amount of 
blood which slowly accumulated subsequent 
to the IBV reading is the secondary bleeding 
volume (SBV). The IBV plus the SBV is 
maximal bleeding volume (MBV). When 
the compensatory action necessary to main- 
tain the set blood pressure began to fail there 
was an automatic reinfusion of blood (ARV) 
back into the animal. Criteria for termina- 
tion of experiment were: 1) The ARV having 
reached 25% of the MBV, or 2) survival of 
animal for 8 hours at hypotensive level of 30 
mm Hg. It has been our experience that less 
severe criteria for termination of experiment 
were inadequate for demonstration of a uni- 
formly high mortality rate in the control 
group. Termination proceedings were insti- 
tuted by rapid raising of reservoir bottle so 
that all shed blood was returned to the animal, 
and all but approximately 6 inches of residual 
line-volume was slowly forced into the artery 
under air pressure. When stabilized, blood 
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pressure was recorded for the last time, and 
usually ranged from 70-80 mm Hg. The 
femoral arterial cannula was removed, the 
artery ligated and the incision closed with skin 
clips after dusting with sulfadiazine powder. 
An animal was considered a survivor of hem- 
orrhage shock if it was alive after 96 hours. 
Survivors or dogs which died during experi- 
ment demonstrated varying degrees of “typi- 
cal shock” pathology, namely, intestinal and 
endocardial hemorrhage and liver engorge- 
ment. 

Results. Statistical analysis of data in 
Tables I, II, and III demonstrated the fol- 
lowing similarities or distinctions (p<0.05) 
between drug-treated and control groups: 

Table I. Traumatic shock. Survival ratio 
of PPZ-treated rats was significantly greater 
than that of controls at doses between 0.5 and 
1.5 mg/kg. The same protection was observed 
in the CPZ-treated groups, but CPZ was more 
effective than PPZ at doses below 0.5 mg/kg. 
It also was observed that CPZ had lesser 
“tranquilizing” potency than PPZ(17) since 
no sedation was apparent at doses of 0.4 to 
0.2 mg/kg of CPZ; whereas, animals treated 
with 0.2 mg, kg of PPZ still showed some mo- 
tor depression, not associated with the in- 
duced shock. 

Table II. Hemorrhage shock. Survival 
ratio of PPZ-treated dogs (1 mg/kg) was sig- 
nificantly greater than that found for con- 
trols; whereas, the ratio for CPZ-treated dogs 
(1 mg/kg) was not. However, the ratio for 
the combined drug-treated groups (9/32) 
was significantly greater than that of controls. 
There was no significant difference in survival 
between CPZ and PPZ-treated groups. There 
was no difference in average MBV for either 
drug-treated or control groups. Average dur- 


TABLE II. Effect of Perphenazine and Chlorpromazine on Bleeding Volume, Hypotension 
Time,* and Survival of Dogs Exposed to Hemorrhage Shock. 


Avg max bleed- 


Drug, mg/kg ing vol (ml/kg) 


Avg hypotension 


time (min.) Survival ratio, 


(intravy.) —— + 8.E, ——————_—_,__ No. survivors/No. tested 
% 
Controls 58.1 ities 134.9 16.3 1/41 2 
EA Z(G) 57.2 2.1 248.1 Biles 6/16 37 
CPZ (1.0) Doni 2.1 281.6 32.0 3/16 19 


* Duration of indueed 
experiment. 


hypotension (30 mm Hg) before satisfying eriteria for termination of 
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TABLE III, Effect of Perphenazine and Chlorpromazine on Bleeding Volumes at Various 


Stages of Exposure of Dogs to Hemorrhage Shock. 


Drug, mg/kg Avg bleeding vol (ml/kg + $.E.) ———, Time to attain 
(intrav. ) IBV SBV MBV MBV (min. + S.E.) 
Controls 454 12 EE tp 3 
2 2,1 ; Ba tet 39, 
PPZ (1.0) 33.6 1.9 22.9 18 B72 39 D> vise 
CPZ (1.0) 33.1 1.9 199 18 53.1 21 12.7 


83.6 
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ation of hypotension (maintained at 30 mm 
Hg) before criteria of shock were satisfied, 
was similar for drug-treated groups but sig- 
nificantly different from that found for con- 
trol animals. This also was indicative of the 
protective action of the drugs. At a dose of 
0.5 mg/kg, 1 out of 5 (20%) PPZ-treated 
dogs survived. At a dose of 3 mg/kg, 3 out 
of 7 (43%) CPZ-treated dogs survived. Al- 
though these studies are considered incom- 
plete because of the few animals involved, it 
does indicate that significant protection can 
be achieved with CPZ. 

Table IJ]. The average IBV or SBV val- 
ues were similar for both drug-treated groups 
but differed significantly from those values 
found for the controls. This also was true in 
regard to the time it took for the IBV to 
reach the MBV. 

Discussion. It may be concluded that con- 
trol dogs bled more initially (IBV) than did 
the treated dogs, and subsequently bled less 
than test dogs in the SBV period. Treated 
animals bled more slowly and steadily but no 
less in toto (MBV) than did the controls. 
This pattern of hemorrhage as to rate or vol- 
umes (IBV and SBY) in the drug-treated 
dogs may be attributed, for the most part, to 
prevention of rapid and severe vasoconstric- 
tion(2,3). It appeared that the adrenergic 
blocking action of PPZ or CPZ(18) was mani- 
fested to a moderate, but not marked, degree 
since the drug-treated dogs were able to bleed 
the same amount as did the control animals. 
Other, as yet undefined, mechanisms of the 
“anti-shock” action of these compounds also 
may be operating. However, at this time the 
evidence of a great increase in circulating 
epinephrine and _ norepinephrine following 
hemorrhage(20,21) appears to favor the con- 
cept of protection, by adrenergic blockade of 
excessive vasoconstriction and its pathologic 
sequelae. As has been reported for CYr7i 22), 


the protective action of PPZ in preventing 
death following severe hemorrhage or trauma 
may be of clinical use in preventing untoward 
reactions to “stress situations.” 


Summary. 1) Pretreatment of rats with 
perphenazine or chlorpromazine (0.5 - 1.5 
mg/kg, im) afforded significant protection 
against lethal effects of Noble-Collip drum 
trauma. Chlorpromazine was still effective 
at doses of 0.2 to 0.4 mg/kg, whereas per- 
phenazine was not protective in this dose 
range. Pretreatment of dogs with perphena- 
zine (1 mg/kg, iv) significantly protected 
against lethal effects of hemorrhage under 
aseptic conditions. Chlorpromazine did not 
display significant protection at 1 mg/kg, but 
it did appear to be effective at 3 mg/kg in a 
limited study. Both drug treated groups (1 
mg/kg) bled the same maximal volume as 
did the controls but at much slower rates when 
systolic pressure was maintained at 30 mm 
Hg. 2) Reduction of mortality in pretreated 
animals subjected to experimental shock may 
be due, at least in part, to adrenergic block- 
ing activity of the test compounds. 
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It has recently been reported(1) that a 
strain 929 of L fibroblasts agitated in a serum- 
free medium gave rise to the formation of 
fibers. This fiber material was shown to be 
digested by collagenase, partially degraded by 
trypsin, and resistant to alpha amylase and 
hyaluronidase. The observations reported 
here are cited to bear out this report using a 
different cell line in a non-agitated medium, 
to present new information regarding the pe- 
riod of appearance and disappearance of the 
fibrils, and to present photographic evidence 
of the cell fibril complex. 

Materials and methods. The line of cells 
used in this report was isolated from lung 
tissue of new-born Swiss mice, NIH strain. 
The original isolation was made using trypsin 
dispersed cultures prepared by a procedure 
similar to that of Youngner(2). Prior to their 
growth on a serum-free medium the cells were 
in their 110th passage on a medium consisting 
of 10% horse serum and 90% medium #199 
(3). Penicillin and streptomycin were added 
in a final concentration of 50 units each per 
ml. Morphologically the cells appeared fibro- 
blast-like, although small numbers of epi- 
thelioid cells were in evidence. The cells were 
routinely passed every 4 days by trypsinizing, 
centrifuging, resuspending, and inoculating, 


(hemocytometer count) 3 x 10° cells per ml 
in T-30 flasks, the total volume being 5 ml. 

During the course of adapting these cells 
to a serum-free medium consisting of 99% 
medium #199, 1% Difco Bactopeptone, and 
100 mg% glucose (BPD) it was noticed that 
a floating layer of cells was formed. These 
cells were separate from the cell layer which 
had attached to the glass surface, and ap- 
peared in the early passages after 5 to 8 days 
of incubation at 37°C. The floating cells were 
seen as discrete patches often 3-4 mm in di- 
ameter. Photomicrographs of this material 
were obtained by inverting and reinverting 
the T-30 flasks so that the unattached cells 
adhered temporarily to the glass surface op- 
posite the normal cell layer. In this way the 
natural configuration of the material could be 
studied. Portions of the material were then 
removed and tested with several enzymatic 
preparations. Results of these tests showed 
that the material was resistant to digestion 
by hyaluronidase and trypsin but susceptible 
to digestion with collagenase. 

Fig. 1 shows a typical growth of mouse lung 
cells on a glass surface using a 10% horse 
serum medium. The cells form an even sheet 
which is extremely difficult to dislodge physi- 
cally. Fig. 2 illustrates the tangled mass of 
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FIG. 1. Normal culture of mouse lung cells grown on 10% horse serum. X 180. 


FIG. 2. Floating sheet of cells and fibers seen on Ist p: 


peptone-dextrose medium. X 180. 
FIG. 3. 


Bactopeptone-dextrose medium. X 180. 


FIG. 4. Higher magnification of the material shown in Fig. 3. 


material which made up the floating layer in 
the first passage on BPD medium. This re- 
sponse gave way to the more discrete fiber 
formation seen in Fig. 3. Notice that the fi- 
bril material seems to arise from single cells 
and crosses the entire field of vision. This 
type of response did not occur until the 4th 


age of mouse lung cells on Bacto- 


Discrete fiber material shown in association with mouse lung cells, 5th passage on 


« 400. 


to 6th passage, Fig. 4 is an enlargement of 
the material shown in Fig. 3 and affords a 
better view of the origin of the fibers. The 
transition from large masses of floating ma- 
terial to better defined strands was not an 
immediate but a gradual one. 

These cells are now in their 21st passage on 
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BPD and no longer give rise to fibril forma- 
tion upon routine passage. It is possible to 
induce a surface type growth by scraping the 
cells from the glass surface and transplanting 
them into new BPD media with a minimum 
of agitation. Under these conditions the 
floating cells never produce the long strands 
shown in Fig. 3, but grow and expand as cell 
sheets with a morphology similar to, but not 
as compact as, the attached cell sheet. 

Early passages of the L cell line(4) in the 
BPD medium produce floating cell sheets 
similar to those seen with the mouse lung line. 
The discrete fibrils seen in the case of the 
mouse lung cells have not been seen with the 
L cells. 

Discussion. As a result of the above inves- 
tigation certain facts concerning fibril forma- 
tion can be stated. It is certain that fibrils 
can arise without agitation of the medium, 
and are therefore not the result of entwining 
of single strands of material. From the pho- 
tomicrographs it appears that the fibrils arise 
from the cell body per se and are not the re- 
sult of entrapment of cells in fibrous material 
released by the degenerated cells. The fact 
that the fibrils are no longer seen once the 
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cells become adapted to a rapid growth in the 
BPD medium points up the fact that they 
may be the result of unfavorable growth con- 
ditions as previously hypothesized(1). At- 
tempts to stimulate a similar response by other 
sub-optimal conditions in the absence of BPD 
have failed. It is probable therefore that the 
Bactopeptone itself is at least partly responsi- 
ble for formation of this material. 

Summary. The presence of fibril-like ma- 
terial in a strain of mouse lung cells grown 
in a serum-free medium is described. This 
material was resistant to digestion by hyal- 
uronidase and trypsin and susceptible to di- 
gestion with collagenase. The period of ap- 
pearance and disappearance is discussed and 
photographic evidence of the cell body-fibril 
association is presented. 


1. Merchant, D. J., Kahn, R. H., Proc. Soc. Exp. 
Brov. AND Mep., 1958, v97, 359. 

2. Youngner, J. S., zbzd., 1954, v85, 202. 

33° Morgan, J. F., Morgan, H. J., Parker Ree. 
ibid., 1936, v63, 685. 

4. Sanford, K. K., Earle, W. R., Likely, G. D:, J. 


Nat. Cancer Inst., 1948, v92, 803. 
1958. P.S.E.B.M., 


Received July 9, 1958, v99. 


(24280) 


A. M. Briscor AND W. E. Lorinc 
Departments of Biochemistry and Medicine, Columbia University College of Physicians and 
Surgeons, and Chest Service, Bellevue Hospital; and the Department of Pathology, 
New York University College of Medicine, New York City 


Elastic tissue is readily demonstrated his- 
tologically in the parenchymal tissue of the 
human lung but no quantitative chemical 
studies of it have been reported in this tissue. 
Such investigations are now in progress in 
this laboratory. Chemical estimation of elas- 
tic tissue at present must be based on its con- 
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tent of the fibrous protein, elastin. The pur- 
pose of this communication is to report the 
amount of elastin in the human lung, and 
the correlation between pulmonary elastin 
concentration and age. In addition, the nor- 
mal concentrations of elastin have been com- 
pared with those obtained in lung parenchyma 
subjacent to areas of bulla formation. It has 
been suggested that elastic tissue plays a role 
in the pathogenesis of such lesions. 

Of several methods of elastin determination 
which have been reported(1,2,3), the method 
of Lowry et al. was chosen for study of the 
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lung, and adapted to exclude insoluble sub- 
stances other than elastin which may be en- 
countered in lung tissue. 


Materials and methods. The lungs exam- 
ined were fresh specimens obtained at the 
time of autopsy. Causes of death were either 
traumatic or of extrapulmonary nature. Tis- 
sue was selected which was ostensibly free of 
pulmonary ‘disease. 


Elastin was determined by the following 
modification of Lowry’s method(1). The 
samples were minced, ground to a paste, sus- 
pended in 0.1N NaOH and digested in a boil- 
ing water bath for 10 minutes. The insoluble 
material was separated by centrifugation, re- 
suspended in NaOH and digested similarly 
twice more. The residue was then washed, 
dried and weighed. It consisted of elastin and 
insoluble foreign material and was designated 
W-1. Elastin was then removed by auto- 
claving in 6% KOH for 45 minutes. The resi- 
due was again washed, dried and weighed to 
give W-2. Difference in weight between W-1 
and W-2 was assumed to be the weight of elas- 
tin in the sample. The amount of soot and 
other insoluble foreign matter in the lung 
could also be calculated from the difference 
between W-2 and the weight of the empty 
tube. 

For each lung, 4 contiguous pieces weigh- 
ing between 1.0 and 1.7 g were selected for 
quadruplicate analyses. These specimens 
were taken from the left upper lobe in nearly 
all cases. Pleura and large blood vessels and 
bronchi were excluded. Water content was 
determined in other specimens from the same 
area. In addition, selected specimens were 
taken for routine histological examination 
using Weigert’s resorcin-fuchsin elastica stain 
and Golder’s modification of Masson’s tri- 
chrome stain, respectively. In 4 lungs with 
bullae, specimens for analysis were taken 
from the tissue directly beneath the bullae. 
The results are reported as per cent of dry 
weight of the tissue. 

Results. Analyses of normal pulmonary 
parenchyma from men and women between 
16 and 93 years of age revealed that elastin 
constituted an average of 8.28 + 0.6% of the 
solids of the lung. The range of values was 


163 


TABLE I, Concentration of Elastin in the Human 
Lung. 


yroup No. Elastin, % dry wt 


Normal men 


17 8.08 + 1.4 
women 12 9.48 + 1.2 
Men with bullae { 461+ 9 


TABLE II, Comparison of Concentrations of In- 
soluble Residue and Hlastin in Lung. 


Insol. residue, 


Age % dry wt Elastin, % dry wt 
25 ail 7.23 

22 1.65 3.65 

42 aleays} 11.2 

65 4.70 11.5 

60 18.1 7.5 

66 12.6 11.2 


from 1.75 to 13.1%. These results are sum- 
marized in Table I. 

The last step in the revised method of 
analysis described above was added to correct 
for insoluble residue in the lung. Data cal- 
culated from 6 experiments are presented in 
Table II to illustrate the necessity for this 
correction. The accumulation of this residue 
increases with age and is quite evident on 
gross inspection of the lungs. 

In Fig. 1, results of analyses of lungs from 
29 apparently normal men and women are 
plotted against age at time of death. Data 
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obtained from tissue under bullae in lungs of 
4 older men are also included. Statistical 
analysis of this graph shows a highly signifi- 
cant increase in relative amount of elastin 
with age (t = 3.87, p>0.001). The regres- 
sion slope shows an increase in elastin content 
of the lung of 0.816% per decade of life. On 
superficial examination of the graph, women 
over 50 appeared to have more pulmonary 
elastin than men in this age group. However, 
when subjected to statistical analysis, the dif- 
ference in this small series was found to be 
insignificant (t = 0.75, p= 0.4). Compari- 
son of the elastin content of sub-bullous tis- 
sue with that of normal lung parenchyma of 
older men revealed a highly significant de- 
crease in the former (t = 5.09, p>0.001). 

Histological studies of the elastin isolated 
by our method showed that the end-product 
was composed only of elastic tissue. However, 
one preparation contained traces of collagen 
deep within the walls of a pulmonary ar- 
teriole. 

Discussion. It has been generally believed 
that the elastic tissue content of the aging 
lung is reduced. Our measurements must be 
viewed critically and are simply a prelude to 
further investigation. Although the method 
was well standardized and corrected for errors 
due to foreign material in the lung, results 
obtained from lungs of different ages may not 
be entirely comparable. Pulmonary elastin 
may change physically and chemically with 
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age as has been demonstrated in elastin from 
the aorta(4), and these changes may affect 
the efficiency of isolation and _ separation. 
Confirmatory studies of elastin content by 
other methods are needed. Simultaneous 
measurement of pulmonary collagen is con- 
templated in view of the close relationship be- 
tween collagen and elastin. It is of consider- 
able interest that concentration of elastin in 
the lung is relatively high. Of the tissues thus 
far analyzed, only the aorta and the ligamen- 
tum nuchae contain more elastin than the 
lung (1,2). ; 

Summary. 1. An alkaline digestion method 
for quantitative determination of elastin has 
been adapted for study of lung parenchyma. 
2. Concentration of elastin in the adult hu- 
man lung has been determined over a wide 
age span, and has been found to increase with 
age. 3. Concentration of elastin in lung par- 
enchyma subjacent to areas of bulla formation 
is significantly reduced. 
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Since immunologic mechanisms participate 
in the rejection of homografts by experi- 
mental animals(1), some modification of the 
immune response is necessary in order to 
achieve a “take” of the grafted tissue. Alter- 
ation of antibody production may occur na- 


* Aided by grants from the U. S. Atomic Energy 
Commission and the U. S. Public Health Service. 


turally, as in agammaglobulinemia(2), or may 
be induced by means of X-radiation(3) or 
cortisone(4). Protein(5) or vitamin(6) de- 
ficiencies obtained by means of special diets 
(7) or by the action of amino acid analogues 
(8) may lead to suppression of antibody for- 
mation and to prolonged survival of skin ho- 
mografts(9). In the special case of tumor 
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homografts, treatment of the recipient with 
cortisone may result in a “take”(10). Since 
bone marrow transplantation has been sug- 
gested as a possible treatment for radiation 
injury, aplastic anemia and some neoplastic 
diseases(11), our laboratory has become in- 
terested in altering antibody formation by 
various means. The purpose of this paper is 
to present data which indicate that an an- 
tagonist of nucleic acid metabolism, 6-mer- 
captopurine (6-MP), can abolish the anti- 
body response to a purified antigen. 

Method. White New Zealand strain rab- 
bits weighing about 3 kg and maintained on a 
stock ad libitum diet were used. All animals 
were injected intramuscularly with 50 mg of 
crystalline bovine albumin (Armour) 3 times 
weekly for 2 weeks. The first day when an- 
tigen was injected was counted as day 0; 
time prior to this was designated by a (—) 
sign and time subsequent to day 0 was desig- 
nated by a (+) sign. The experimental ani- 
mals were given 6-MP, 3 mg/kg/day accord- 
ing to the following schedule; Group 2M (10 
animals): from days 0 to +11; Group 3M 
(5 animals): from days 0 to +21; Group 4M 
(5 animals): from days —7 to +4; Group 5M 
(5 animals): from days +7 to +18; Group 
6M (5 animals): from days +18 to +29. 
There were 10 animals in the control group. 
Bleedings were made from a marginal ear 
vein at the times indicated by Fig. 1. Anti- 
body was measured by the tannic acid hemag- 
glutination technic of Stavitsky(12). Results 
are expressed as the log, of the highest serum 
dilution which gave a +1 pattern. 

Results. The course of the experiment is 
depicted graphically in Fig. 1. Low titers of 
antibody could be detected in the control 
group by day +4, with the peak titer at 
about day +16; thereafter a plateau persisted 
through the last bleeding at day +38. No 
antibody could be detected in Group 2M, 
given 6-MP from days 0 to +11 until 7 days 
after the antimetabolite had been discontin- 
ued; a peak titer of antibody was reached 14 
days after this time. 

Group 3M, given 6-MP from days 0 to 
+21, made no detectable antibody during the 
38 days of the study. Clinical evidence of 
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toxicity was apparent by day +14, and was 
manifested by weight loss, poor appearance of 
fur and diarrhea. One animal died during 
the study on day 20. Two animals suffered 
Spontaneous abortion. All animals of this 
group were neutropenic by day 14. 


Group 4M, given 6-MP from days —7 to 
+4 had no detectable antibody on day +-4, 
but by day +14 antibody production was 
nearly equal to the control values. Group 
5M, which received 6-MP from days +7 to 
+18 showed an apparent cessation of anti- 
body production between days +4 and +14. 
Four days after the last injection of 6-MP, 
however, antibody could again be detected 
and thereafter the titers rapidly approached 
the control levels. Administration of 6-MP 
during the height of antibody response, as in 
Group 6M, had no effect on antibody produc- 
tion. 


Discussion. The data reported herein dem- 
onstrate that 6-MP, a powerful nucleic acid 
antimetabolite, abolishes the rabbit’s immune 
response to bovine serum albumin when given 
simultaneously with the antigen. Although 
the site of action of 6-MP with respect to an- 
tibody formation is unknown, it seems un- 
likely that suppression of protein formation is 
an important factor, since administration of 
the drug during the height of the immune re- 
sponse had no effect on the titer of antibody in 
the serum. It may be inferred from the data 
that 6-MP had no effect on the anamnestic 
response, but did have a pronounced effect on 
the primary response. It is probable that 
6-MP interferes with the utilization of pur- 
ines for nucleic acid synthesis(13) and, if 
antibody producing tissue can be assumed to 
be in a hypermetabolic state, then such inter- 
ference could have a profound and relatively 
selective action on the immune response. The 
presumed organization of “templates” for 
antibody formation is intimately concerned 
with the nucleic acid metabolism of the cell 
(14), and it is possible that 6-MP disrupts 
either the “information center” (DNA) or 
the actual template (RNA-protein) of anti- 
body forming cells, thus leading to depression 
of the primary response. Studies to determine 
the mechanism and site of action of 6-MP in 
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FIG. 1, Course of immune response in control and 6-MP treated rabbits. Each vertical arrow 
represents antigen inj. Time of administration of 6-MP is represented by the clear block. Each 
value depicted in the graph represents avg titer for the group. 


regard to antibody formation, as well as its with the antigen, 6-MP profoundly suppresses 
effects on the immune response to cellular the formation of humoral antibody. When 
antigens, are in progress. given prior to antigenic stimulation, the effect 

Summary. 1. The effect of 6-MP on anti- of 6-MP on antibody production is slight. 
body response of hyperimmunized rabbits has There is no effect on amount of antibody in 
been studied. 2. When given simultaneously the serum when 6-MP is given during the 
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height of antibody production. 3. It has been 
tentatively concluded that the action 6-MP 
is on the primary antibody response, rather 
than on the anamnestic response. 
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The establishment of tolerance to endo- 
toxins derived from gram negative bacteria 
upon repeated injection is attributed to in- 
creased activity of the reticulo-endothelial 
system (RES). Tolerance is effective against 
many manifestations of endotoxin activity, 
such as fever, leukopenia, shock, and Shwartz- 
man reactions(1) and may last in mice for 4 
months(2). Single or repeated injections of 
endotoxin result in increased clearance of par- 
ticles or large molecules from the blood stream 
by the RES(3). Similarly, infection with viru- 
lent tubercle bacilli or vaccination with BCG 
were found to result in increased clearance 
by the RES(4). In view of these findings it 
appeared possible that BCG vaccination might 
induce tolerance to endotoxin. This view is 
supported by the fact that a single injection 
of endotoxin increases resistance to tubercu- 
lous infection(5) indicating some relationship 
of the host’s reaction to these 2 biologically 
active agents. Experiments were therefore 
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undertaken to study the reaction of mice in- 
fected with tubercle bacilli to endotoxin de- 
rived from gram negative bacteria. 

Methods and materials. Swiss albino mice 
of the Webster strain were used. Lipopoly- 
saccharide was prepared according to the 
technic described by Westphal and Lideritz 
from a strain of EF. coli B(6). Preparations 
were also obtained from the Difco Labora- 
tories, Detroit, Mich. (Lipopolysaccharide E. 
coli 026:B6) and from Wander S. A., Berne, 
Switzerland (Pyrexal Wander). The lipo- 
polysaccharide was suspended in physiological 
solution of sodium chloride and was injected 
intraperitoneally. For vaccination 0.2 ml of 
a BCGS culture grown for 7 to 10 days in the 
liquid tween-albumin medium was injected in- 
travenously. In some experiments cord fac- 
tor derived from virulent tubercle bacillil| was 

} The authors are grateful to Dr. E. Eichenberger, 
Wander S. A., Berne, Switzerland, for supply of this 


material. 

) BCG was obtained from the Henry Phipps Inst., 
Philadelphia, Pa. 

| Cord factor was kindly supplied by Dr. Hubert 
Bloch, Dept. of Microbiology, Univ. of Pittsburgh 
Medical School, Pittsburgh, Pa. 
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used for the preparatory injection. Cord fac- 
tor was dissolved in mineral oil (25 pg/ml) 
and 0.2 ml (i.e. 5 wg) was injected intraperi- 
toneally twice at a 48-hour interval. In each 
experiment LD50’s were determined simul- 
taneously in control and experimental animals 
by injecting intraperitoneally groups of 3 
to 5 mice each with dilutions of lipopolysac- 
charide containing 1,000, 100, 10 and 1 pg 
per dose (0.5 ml) respectively. Deaths were 
recorded up to 72 hours. All animals were 
usually tested 7 to 10 days after the prepara- 
tory injection with BCG or cord factor. 


For evaluation of the results the square root 
of dosage units was used, because the square 
root transformation yielded a closer approxi- 
mation to a straight line upon probit trans- 
formation of the ordinate, than did the loga- 
rithmic transformation. A probit equation 
using the maximum likelihood method was 
then fitted to the groups to obtain an LD;o 
and a standard deviation(7). 


Results. The results are summarized in 
Fig. 1, in which each bar represents the square 
root of the LDso in pg, the bracket indicating 
2 standard deviation limits. 1) Effect of vac- 
cination with BCG on sensitivity to endo- 
toxin: (Chart A) The LDs 9 for endotoxin 
was 357 pg in control mice and 7 pg in mice 
which had been vaccinated 7 to 10 days pre- 
viously. The course of the shock induced by 
endotoxin in vaccinated animals appeared to 
be more acute than in controls, 7.e. death 
usually occurred within 6 to 10 hours in the 
vaccinated group and within 12 to 48 hours 
in the controls. When mice were tested with 
endotoxin at various intervals of time after 
vaccination, some increase of susceptibility to 
endotoxin became manifest within one to 3 
days after injection of BCG. A rather sudden 
change of LDs9 appeared between the 5th 
and 7th day after vaccination (Fig. 1, chart 
A). The state of hyperreactivity was still 
detectable 70 days after vaccination. 2) Ef- 
fect of cord factor derived from tubercle 
bacilli on sensitivity to endotoxin. In an at- 
tempt to investigate whether any single com- 
ponent of tubercle bacilli could induce a simi- 
lar state of hyperreactivity to endotoxin, the 
cord factor, isolated by Bloch from tubercle 
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FIG. 1. Mean of square roots of LD; of endotoxin 
in wg in mice pretreated with BCG, cord factor or 
mineral oil. The brackets indicate 2 standard de- 
viation limits. Chart A: Comparison of LD, in con- 
trol mice with that in mice vaccinated with BCG 
1 to 3 and 7 to 27 days previously. Chart B: Com- 
parison of effect of pretreatment with cord factor, 
BCG and mineral oil. 


bacilli was selected. This component, a tre- 
halose dimycolate, is known to cause death of 
mice after repeated injections of small doses 
(8). Cord factor dissolved in mineral oil was 
injected twice and the mice were challenged 
with endotoxin 7 days later. The LDso’s 
were as follows (Fig. 1, chart B): In mice 
which had received cord factor 15 mg, in con- 
trols injected with mineral oil 441 »g and in 
BCG vaccinated animals 6 pg. 


Discussion. Contrary to expectation, the 
results clearly indicate that mice infected 
with an attenuated strain of tubercle bacilli, 
namely BCG, became highly sensitive to le- 
thal doses of lipopolysaccharide derived from 
gram negative bacteria. This hyperreactiv- 
ity appeared within 5 to 7 days and lasted for 
at least 70 days. In preliminary experiments 
in which mice were infected with a virulent 
strain of tubercle bacilli, a similar degree of 
hyperreactivity to endotoxin was found. Com- 
pared with the effect of BCG vaccination, no 
correlation existed between severity of infec- 
tion and degree of hyperreactivity to endo- 
toxin. It is known from earlier experiments 
that certain acute and subacute bacterial in- 
fections induce a state of increased sensitivity 
to bacterial endotoxins. That is, a single in- 
jection of bacterial culture filtrate or prepara- 
tions of endotoxin causes a_ generalized 
Shwartzman reaction in rabbits or guinea pigs 
which have an active infection with cholera 
bacilli, streptococci or Coxiella burneti(9). 
In these experiments, the animals were tested 
one or 2 days after infection, When guinea 
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pigs were injected with a large dose of tu- 
bercle bacilli (5 to 10 mg) and challenged 
intraperitoneally with either suspensions of 
heat killed E. coli or with culture filtrates, 
the animals showed a much more severe re- 
sponse than control animals leading to shock 
and death(10). The high degree of reactivity 
to these materials was interpreted as depend- 
ing upon the persistence of nodular lesions 
within the omentum due to deposit of large 
masses of BCG. The mechanism of this hy- 
perreactivity is unknown and usually de- 
scribed as a generalized Shwartzman phe- 
nomenon. Sufficient data are not available 
from our experiments to decide whether this 
high degree of sensitivity coincides with or is 
dependent upon actual multiplication of tu- 
bercle bacilli. It had been shown that BCG 
multiplies in tissues of mice for approximately 
2 to 3 weeks, and that the population of ba- 
cilli declines gradually thereafter(11). In 
our experiments the state of hyperreactivity 
was demonstrable beyond this time, and prob- 
ably not related to continued growth of bacilli 
in the tissues. 

The fact that cord factor, a trehalose dimy- 
colate derived from virulent tubercle bacilli, 
induced a similar state of hyperreactivity as 
did BCG, would indicate that this reactivity 
was not related to delayed hypersensitivity to 
tuberculin, because cord factor does not in- 
duce tuberculin hypersensitivity of this type. 
Recently it has been shown that tuberculin 
shock in guinea pigs may be due to a gener- 
alized Shwartzman reaction rather than to 
an immunological reaction of the delayed 
type. These conclusions were based on the 
fact that tuberculin sensitive guinea pigs re- 
sisted high doses of tuberculin when they 
were rendered tolerant by repeated injections 
of lipopolysaccharide from EF. coli(12). Ex- 
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periments are in progress to investigate the 
mechanism of the phenomenon here described 
and to explore its possible role in pathogene- 
sis of the tuberculous infection. 


Summary. 1. It is shown that a single in- 
travenous injection of BCG in mice induces a 
state of hyperreactivity to bacterial endotoxin. 
The LD5o for £. coli lipopolysaccharide is de- 
creased from 357 wg in controls to 6 or 7 pg 
in BCG vaccinated animals. This change ap- 
pears around the 5th day after vaccination. 
2. Trehalose dimycolate, a component derived 
from virulent tubercle bacilli induces a simi- 
lar state of hyperreactivity to endotoxin 
upon single or repeated injections. 
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Human erythrocytes undergo a progressive 
decrease in osmotic resistance during storage 
at 4° and this effect has been employed as an 
in vitro measure of the state of preservation 
of blood(1-2). During the course of a screen- 
ing program for new blood preservatives it 
was observed that tocopheryl phosphate salts, 
over a narrow concentration range, markedly 
retarded this decrease in osmotic resistance. 
The effect of tocopheryl phosphate salts on 
post-transfusion survival of red cells is here 
described. 


Methods. Osmotic resistance was meas- 
ured at 0.6% buffered saline by the procedure 
of Parpart et al.(1.) Manner of preparation 
and handling of samples was essentially that 
of Schales(2). Phosphate partitions were de- 
termined on whole blood by the method of 
Umbreit, Burris, and Stauffer(3). 


Post-transfusion survival was determined 
in normal human volunteers using Cr®! labeled 
red cells as reported previously(4). One hun- 
dred ml of blood was withdrawn by gravity 
from each subject into sterile bottles contain- 
ing either anticoagulant acid citrate solution 
B. USP XV (ACD) alone or ACD plus di- 
sodium a-tocopheryl phosphate to a final mo- 
larity of 10°. The blood was then refriger- 
ated at a constant temperature of 4°C for 
varying periods of time. Prior to reinjection 
the blood was labeled with 150 pe of Cr®, 
allowed to stand at room temperature for one 
hour, then the red cells were washed 3 times 
with cold physiologic saline. Fifty ml of the 
washed, Cr°!-labeled erythrocytes were then 
injected into the same donors. Counts/ 
min/ml of red blood cells at 15 min after in- 
jection were used as 100% activity. Samples 
of blood were withdrawn at appropriate inter- 
vals beginning 24 hours after injection. Sur- 
vival was calculated by the formula, 


c./min./ml sample x 100 


% survival = . 
c./min./ml 100% sample 

Results. The effect of storing ACD blood 
in the presence of 10°M disodium a-toco- 
pheryl phosphate is demonstrated in Fig. 1. 
The total % hemolysis at 0.6% buffered sa- 
line after 100 days of storage was slightly less 
than that obtained in the controls after 42 
days of storage, indicating marked “protec- 
tion.” The effect of varying the concentra- 
tion of tocopheryl phosphate was also deter- 
mined (Table I). Concentrations of 2 x 
10°M were quite hemolytic, while concentra- 
tions of 10M and less had no detectable ef- 
fect. The “protective effect” was obtained at 
a level just below that inducing extensive he- 
molysis. Preliminary results with the sodium 
salt of tocophervl succinate (Table I) gave 
results comparable to those obtained with the 
phosphate ester indicating the general nature 
of the effect. 

Addition of tocopheryl phosphate to the 
solutions employed in the osmotic resistance 
test at concentrations comparable to those 
obtained above, were without significant ef- 
fect. Therefore, storage of ACD-blood in the 
presence of tocopheryl ester salts is required 
to obtain this effect on osmotic resistance. 

It then became desirable to determine de- 
gree of preservation by actual post-transfu- 
sion measurements. Since a-tocopheryl phos- 
phate is known to have anti-thrombic activity 
(5-6), it was first necessary to determine the 
effect of infusions of this compound on the 
coagulation system. Intravenous injection of 
2.5 mg of disodium a-tocopheryl phosphate/ 
kg body weight in the dog (rapid infusion), 
and 1.25 mg/kg body weight in man (slow in- 
fusion in 5% dextrose over 25 min) caused no 
significant alteration in bleeding time, coagu- 
lation time, platelet count, prothrombin time, 
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FIG. 1. Effect on osmotic resistance of storing 
human ACD blood at 4°C in presence of 10-*m di- 
sodium dl-g-tocopheryl phosphate. 

FIG. 2. Post-transfusion survival of 
erythrocytes stored 21 days at 4°C, 

FIG. 3. Post-transfusion survival of 
erythrocytes stored 30 days at 4°C. 

FIG. 4. Post-transfusion survival of 
erythrocytes stored 40 days at 4°C. 
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thrombin coagulation time or recalcification 
time. Dog blood was then stored in ACD 
plus a-tocopheryl phosphate for 21 and 42 
days at 4°, and reinfused into the donor dogs 
without toxic effects.* 


Results of post-transfusion survival studies 
in humanst are presented in Fig. 2, 3, and 4. 
It is obvious that no enhancement of erythro- 
cyte survival occurs when ACD-blood is 
stored in the presence of a-tocopheryl phos- 
phate. Phosphate partition determinations 
(Table II), completed a few days before in- 
fusion, demonstrate that the energy-rich or- 
ganic phosphate ester stores were equally de- 
pleted in the presence and absence of a-toco- 
pheryl phosphate. 

Discussion. The effects obtained with toco- 
pheryl esters appear to parallel those obtained 
by Chaplin, Crawford, Cutbush, and Molli- 
son(7) with a phenothiazine derivative (R.P. 
3300) related to Phenergan. Both (a) re- 
duce rate of decrease in osmotic resistance of 
stored blood; (b) are hemolytic at concentra- 
tions only slightly higher than required to 
give “protection”; (c) are surface-active in 
nature(7-8); (d) do not improve post-trans- 
fusion survival; (e) exhibit enhanced lytic ef- 
fect on removal of serum proteins. Addition 
of 10°M a-tocopheryl phosphate to sheep 
blood did not cause hemolysis while addition 
to washed cells suspended in saline caused 
rapid, extensive, hemolysis. Therefore, the 
increased osmotic resistance of erythrocytes 
from blood stored in the presence of a-toco- 
pheryl ester salts may be another example 
of the anomalous behavior of erythrocytes in 
the presence of sub-hemolytic amounts of 
hemolytic compounds. 

Summary. Presence of 10°M disodium a- 
tocopheryl phosphate in human ACD-blood 
greatly retards rate of decrease in osmotic re- 
sistance of the erythrocytes that occurs on 


*In this species the use of 10-°M a-tocopheryl 
phosphate was detrimental as measured by spontan- 
eous hemolysis and osmotic resistance. 

+ The clotting mechanism of these subjects was 
tested before and 15 min. after injection of the blood. 
No changes in bleeding, clotting, recalcification, pro- 
thrombin, prothrombin consumption, or thrombin 
times were noted. 
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TABLE I. Effects of Addition of Tocopheryl Ester Salts to Human ACD Blood on Erythro- 
cyte Osmotic Resistance during Storage. 


Additive % buffered Days blood stored at 4°C 
final NaClinhe- 13 24 36 45 58 69 84 99 
Compound added molarity molysis test ————————— % hemolysis ———————_,, 
Disodium d,l-a-tocophery] PP Se Me? 6 10.7 24.6 40.4 
phosphate ge 0 8.5 16.5 32.3 
10m 6 Bus BMS i yon alba alae Ake, eto! 
2 1.0 19) 2:8" 3.4 4:3 (5:1 6:0 O06 
Ose 6 (ei 4d) Z.leeooss 
ay 1.0 Usd) an) SBYDe | Giik ae 
d-a-tocopheryl succinate Os 6 15 3:8. 24:3 54:9" OO S80 Zien 
Y 1.0 Ly Lf AB 4.4 3.7, 4.9) (8 belo 
None 6 3.38 5.3 10.0 16.6 33.3 52.1 
1.0 15 20 28 43 4.7 9.3 


TABLE II. Changes in Phosphate Partition of ACD Blood* on Storage at 4°C in Presence of 
10-*m a-Tocopheryl Phosphate. 


Days blood —————_% of total phosphorus ———————__,, 
stored No. of Easily Difficulty Non- 

at 4° subjects Additive Inorganie hydrolyzable hydrolyzable hydrolyzable 

0 8 None 11.4 18.4 10.0 60.2 

18 2 Tocopheryl 74.4 9.5 4.8 11.3 

24 2 2 digo 6.9 4.3 11.2 

24 il None 74.1 8.9 4.5 12.5 

36 1 Tocopheryl 83.4 4.0 2.5 10.1 

36 1 None 77.9 hist 4.0 10.4 


* These human bloods were subsequently employed in post-transfusion survival experiments 


reported in Fig. 2, 3, and 4. 


storage at 4°C. Post-transfusion survival of 
erythrocytes from blood stored in this man- 
ner is no better than that of erythrocytes from 
blood stored in ACD alone. It is emphasized 
that enhanced osmotic resistance of preserved 
blood is not necessarily related to enhanced 
post-transfusion survival. 
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Chromium®! Elution from Hemoglobin and Intact Erythrocytes of Adults, 


Infants and Patients with Cooley’s Anemia.* 


(24284) 


Marion E, ErLANDSON, IRVING SCHULMAN, BEATRICE WALDEN AND Cart H. SmitH 
Department of Pediatrics, The New York Hospital-Cornell Medical Center 


Stimulated by the discrepancy in values for 
life span of infant erythrocytes when meas- 
ured by the Ashby and chromium®! technics 
(1), Suderman e¢ al. recently demonstrated an 
accelerated rate of chromium®! elution in 
cord-hemoglobin solutions when compared 
with adult hemoglobin solutions(2). If the 
rapid elution rates found in cord-hemoglobin 
solutions are attributable to the presence of 
large amounts of fetal hemoglobin, similarly 
rapid elution rates would be expected in he- 
moglobin specimens from patients with homo- 
zygous Cooley’s anemia where high percent- 
ages of fetal hemoglobin are found. If exces- 
sive elution also occurs from intact red blood 
cells in such patients, previous estimates of 
erythrocyte longevity in patients with Cool- 
ey’s anemia might have to be invalidated 
when based on the chromium?! technic. 
Therefore, experiments were designed to com- 
pare chromium®*! elution rates from intact 
erythrocytes and hemoglobin solutions from 
normal adults, infants, and patients with 
Cooley’s anemia. 


Methods. Venous blood was collected in 
acid-citrate-dextrose solution using 2 ml ACD 
per 10 ml blood. In the preparation of hemo- 
globin solutions, chromium*! as sodium chro- 
mate was introduced immediately into the 
blood-anticoagulant mixtures which were 
then incubated for 90 minutes at room tem- 
perature. Three microcuries of chromium’? 
were added for each ml of blood. (The 
amount of isotope employed was the amount 
routinely used in this laboratory for injec- 
tion specimens in in vivo erythrocyte survival 
studies.) The tagged red blood cells were 
then separated by centrifugation, washed 3 
times with isotonic sodium chloride, and he- 
molyzed by addition of water. The stroma 
was removed by agitation with toluene and 


* Supported by grants from the Nat. Inst. of Ar- 
thritis and Metabolic Disease, U.S.P.H.S., and The 
Children’s Blood Foundation, Inc. 


subsequent centrifugation and filtration. The 
clear filtrates of hemoglobin solution were 
adjusted to approximately 12 g per 100 ml 
water. Counting specimens and dialysis spec- 
imens were prepared as described for the 
labeled erythrocytes. 


In the preparation of intact erythrocyte 
suspensions, the cells were separated from the 
plasma-ACD mixture by centrifugation and 
resuspended in that amount of isotonic saline 
necessary to adjust the hemoglobin concen- 
tration to approximately 12 g per 100 ml of 
suspension. The plasma was saved. The 
saline suspensions of red blood cells were 
tagged with 3 microcuries of chromium®! per 
ml of suspension. At the end of a 90-min. 
incubation period ascorbic acid (2 mg _ per 
ml) was added. The cells were then sepa- 
rated from the saline by centrifugation, 
washed 3 times with fresh isotonic saline and 
resuspended in the donor’s plasma-ACD mix- 
ture adjusting the hemoglobin concentration 
to 12 g/100 ml. 


For both the hemoglobin solutions and 
erythrocyte suspensions the subsequent pro- 
cedures were as follows: A 100% specimen 
was obtained by diluting 1 ml of the original 
material to 100 ml in water, from which a 
4 ml counting specimen was removed and 
placed in a screw-top vial. Individual 1 ml 
aliquots of the original material were placed 
into Visking dialysis tubing. The specimens 
were dialyzed against isotonic saline for pe- 
riods of 16 to 118 hours. The dialysis fluid 
was changed 3 times per 24 hours. One di- 
alysis bag was removed at 16 hours, and one 
at each 24 hours thereafter. The contents of 
the dialysis bags were transferred quantita- 
tively by multiple water rinses to final 1:100 
dilutions. Four ml specimens of the final 
solutions were used in counting. Six dupli- 
cation experiments showed the possible error 
of the method to be 3%. The 4 ml specimens 
were counted in a _ well-type_ scintillation 
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FIG. 1. Rates of chromium™ elution from hemo- 

globin solutions and red blood cells from normal 

adults, infants, and patients with Cooley’s anemia 
when dialyzed against isotonie NaCl. 


counter and correction for radioactive decay 
was accomplished by recounting the 100% 
specimen concomitantly with each subsequent 
specimen. 


Results. Hemoglobin solutions were ob- 
tained from one adult (fetal hemoglobin — 
<2%), one infant (fetal hemoglobin — 
66.5%), and 2 patients with Cooley’s anemia 
(fetal hemoglobin = 21% and 50.9%). As 
may be seen in Fig. 1 (left), a markedly 
greater rate of elution of chromium®! occurred 
from the infant’s than from the adult’s speci- 
men. Elution from the specimen containing 
21% fetal hemoglobin obtained from a pa- 
tient with Cooley’s anemia was only slightly 
greater than that from the adult’s specimen; 
that from the patient with Cooley’s anemia 
containing 50.9% fetal hemoglobin was al- 
most as rapid as that occurring from the in- 
fant’s specimen. Therefore rapid rates of 
elution occurred in specimens containing fetal 
hemoglobin whether obtained from an infant 
or from patients with Cooley’s anemia. The 
rate of elution appeared to be directly related 
to the percent fetal hemoglobin present. 


Intact tagged erythrocytes were prepared 
from blood specimens from 2 normal adults 
(fetal hemoglobin = <2%), from 2 infants 
(fetal hemoglobin = 70.5 and 70.5%), and 
from 2 patients with Cooley’s anemia (fetal 
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hemoglobin = 52.3% and 67.9%). The 
rapid rates of elution found with hemoglobin 
solutions were not demonstrated; the content 
of fetal hemoglobin within the erythrocyte 
produced no significant difference in rate of 
chromium elution. (Fig. 1, right). 


Discussion. Chromium®! tagged red blood 
cells have been used extensively for estima- 
tion of erythrocyte longevity in many dis- 
orders including the abnormal hemoglobin 
syndromes and Cooley’s anemia(3-4).  Elu- 
tion of chromium*! from tagged normal eryth- 
rocytes has been investigated im vivo by si- 
multaneous erythrocyte survival studies com- 
paring the chromium*! technic and the Ashby 
method of differential agglutination, and in 
vitro, by dialysis(5-9). However, elution has 
not been studied in suspensions of cells con- 
taining abnormal hemoglobins or fetal hemo- 
globin. 


Hollingsworth reported that estimates of 
mean life span of fetal erythrocytes were 
shorter using the chromium®! technic than 
those previously reported utilizing the method 
of differential agglutination(1). Since the 
life span of fetal erythrocytes could not be 
correlated with the percent fetal hemoglobin 
present in the cells, it is unlikely that the dif- 
ferences were secondary to aberrations in 
chromium elution from the cells resulting 
from the presence of fetal hemoglobin. Data 
available for comparison of erythrocyte lon- 
gevity by the chromium?! and differential ag- 
glutination methods in patients with Cooley’s 
anemia have not demonstrated differences in 
results obtained by the 2 technics. The 50% 
survival times of erythrocytes from 3. un- 
transfused patients with homozygous inter- 
mediate Cooley’s anemia were reported by 
Kaplan and Zuelzer as 21, 22, and 27 days by 
the Ashby method(10). The 50% survival 
times in 3 comparable patients by the chro- 
mium?*! technic were reported from this lab- 
oratory as 19, 22, and 27 days(4). Correc- 
tions for elution were based on rate of elution 
previously demonstrated for normal erythro- 
cytes. 


Suderman et al. observed by in vitro di- 
alysis experiments that chromium did elute 
more rapidly from solutions of hemoglobin ob- 


tained from cord specimens than from speci- 
mens from normal adults(2). This has been 
confirmed in the present studies. Elution rate 
has been shown to be directly related to per- 
cent fetal hemoglobin present. Rapid rates of 
elution were also present in hemoglobin solu- 
tions containing fetal hemoglobin obtained 
from patients with Cooley’s anemia. Elution 
from intact erythrocytes has previously not 
been investigated. In the present studies no 
clear cut difference in elution could be demon- 
strated between labeled intact red blood cells 
from adults, infants, and patients with 
Cooley’s anemia. 

Elution of chromium from normal erythro- 
cytes has been shown to occur at a level of 
approximately 1% per day(5-9). It would 
be difficult to demonstrate a significant dif- 
ference in rate of elution from erythrocytes 
of normal adults and from cells containing 
large percentages of fetal hemoglobin by 
dialysis where the error of the method may 
be of the same order of magnitude as the pos- 
sible difference in rate of elution. Evidence 
thus far does not support the existence of any 
influence by fetal hemoglobin on rate of chro- 
mium elution from intact erythrocytes. <A 
final solution to this problem might be ob- 
tained by studies of survival of erythrocytes 
from patients with Cooley’s anemia in normal 
recipients simultaneously by the differential 
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agglutination and chromium’*! technics. 
Summary. Accelerated rates of chromium®! 
elution from hemoglobin solutions containing 
fetal hemoglobin have been shown to be pres- 
ent in specimens obtained from an infant and 
from patients with Cooley’s anemia. This 
acceleration has been shown to be directly re- 
lated to the percent fetal hemoglobin present. 
Rapid rates of chromium?! elution could not 
be demonstrated to occur from intact labeled 
erythrocytes containing large amounts of fetal 
hemoglobin studied by the technic of dialysis. 
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In recent years we have been interested in 
the problem of bilirubin metabolism in the 
newborn and the mechanism of production of 
bilirubin encephalopathy as well as its preven- 
tion(1). Recent studies have suggested an 
impairment of substrate production and con- 
jugation of bilirubin as a glucuronide in the 
newborn period(2). In the light of this 


* Supported by Grant from the N.LH. of the 
PES. 


knowledge, the reports of jaundice associated 
primarily with 30 mg or more of Synkavite in 
2-3 kg newborn infants(3,4) stimulated us to 
assess the possible role-of the latter in inhibi- 
tion of the conjugation mechanism leading to 
hyperbilirubinemia. | Recent reports would 
also suggest another possible mechanism’ of 
action, namely, increased hemolysis of new- 
born red cells(5). The report of Silverman 
et al.(6), further stimulated us to test a num- 
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GRAPH 1. % inhibition of bilirubin conjuga- 
tion in presence of increasing concentrations of 
synkavite. 

GRAPH 2. % inhibition of bilirubin conjuga- 
tion in presence of increasing concentrations of 
chloromycetin. 

GRAPH 3. % inhibition of bilirubin conjuga- 
tion in presence of increasing concentrations of 
streptomycin. 


ber of antibiotics and chemotherapeutic agents 
regarding the possible role of these compounds 
in the conjugation mechanism. 

In vitro studies were carried out using pro- 
cedures identical to those previously published 
by others. The preparation and treatment of 
the liver extracts and homogenates were as 
outlined by Dutton and Storey(7). The dia- 
zoatation was a modification by Lathe (per- 
sonal communication) of the van den Bergh 
reaction. 


Our objective was to determine the amount 
of conjugated bilirubin produced in a given 
incubation and possible inhibition of conjuga- 
tion as a result of the presence of these po- 
tential inhibitors. The amount of conjugated 
bilirubin in 2 runs was determined, one with 
and one without the competing substrate. 
Otherwise, standard conditions were main- 
tained in the 2 flasks and the variation in 
amount of conjugated bilirubin produced on 
incubation was assumed to be due to the po- 
tential inhibitors. 

In all compounds investigated at least 2 
series were run to determine the inhibition 
curves. Reproducibility of inhibition in any 
series using the same inhibitor and different 
rats’ liver as a substrate and enzyme source 
was not possible. However, usually the vari- 
ation did not exceed 10% and this was as- 
sumed to be due to varying concentrations of 
substrate and enzyme in the individual rat 
liver. 

In the newborn, one might expect serum 
concentrations of at least 20-40 pg/ml of 
chloromycetin and streptomycin in the usual 
dosage range (Wehrle, personal communica- 
tion). 

Results. The effect of Synkavite is shown 
in Graph I. There is an immediate sharp rise 
in inhibition with a slight increase beyond 250 
wg. Initial inhibition is detected at 5 yg and 
the curve flattens out at 1500 yg. 


The effect of chloromycetin is shown in 
Graph II. The curve represents an average 
obtained in 2 runs. Initial inhibition is de- 
tected at 30 wg with some increase up to 250 
ug with a subsequent stabilization. 

The effect of streptomycin is shown in 
Graph III. The curve represents an average 
obtained in 2 runs. Inhibition is first detected 
at 560 wg with a fairly steep rise at very high 
concentrations. 

Penicillin, tetracycline, erythromycin, gant- 
risin, and hydrocortisone show essentially no 
inhibition in the concentrations investigated 
which are listed in Chart #1. 

Conclusion. Since serum levels are unknown 
in relation to Synkavite, the data are difficult 
to interpret but it would appear that inhibi- 
tion im vitro occurs at concentrations which 
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CHART I. Non-Inhibitors. 
Cone./flask 


Compound 


Penicillin G 0-400 pw 

Tetracycline 0-400 pg 
Erythromyein 0- 1lmg 
Gantrisin O- 16 mg 
Hydrocortisone 0-500 xg 


might be expected in an infant, particularly 
when high doses are given. Chloromycetin 
shows slight inhibition within the accepted 
range and streptomycin just beyond the ac- 
cepted range of serum levels. 
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Inhibition of Diaminopimelic Acid Decarboxylase Activity in Mycobac- 


terium tuberculosis by Isonicotinic Acid Hydrazide.* 
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Department of Bacteriology, Duke University Medical Center, Durham, N. C. 


In an attempt to determine the mechanism 
of action of isonicotinic acid hydrazide (INH) 
on Mycobacterium tuberculosis attention has 
been directed in many studies toward an in- 
terference with the operation of essential en- 
zymes. Inhibition of growth by INH can be 
neutralized competitively by pyridoxal, which 
the drug structurally resembles(1,2). A 
number of enzyme systems requiring pyri- 
doxal phosphate as coenzyme have also been 
shown to react with INH(3-5). Although 
these studies suggest an antagonism, there is 
as yet no direct evidence that INH exerts its 
antituberculous activity by inhibiting an en- 
zyme activated by pyridoxal phosphate. 

In a recent study in our laboratory it was 
found that growth of tubercle bacilli in the 
presence of INH leads to a marked decrease 
in amount of lysine produced, and that lysine 
synthesis by the INH-resistant strain is also 
lower than that by the INH sensitive organ- 
ism. Since one of the major pathways of ly- 
sine synthesis in microorganisms is by way of 
the pyridoxal phosphate-requiring enzyme, 


* This study was aided by a grant from the Com- 
mittee on Medical Research of the American Trudeau 
Soc., medical section of the National Tuberculosis 


Assn. 


diaminopimelic acid (DAP) decarboxylase, 
we have investigated the possibility that this 
enzyme is operative in tubercle bacilli and 
that it is inhibited in the presence of INH. 

Methods. The RIRv strain of Myco. tu- 
berculosis, kindly furnished by Dr. William 
Steenken, was used as the source of enzyme in 
all of our studies. Cells were harvested after 
a 3-week growth period on the surface of 
Proskauer-Beck synthetic liquid medium. 
They were washed twice in a refrigerated cen- 
trifuge with sterile distilled water, resuspended 
in a small amount of 0.1 M phosphate buffer 
and ground in a Ten Broeck tissue grinder. 
Additional buffer was added, the cells recen- 
trifuged, and suspended in a known quantity 
of buffer. The cells were disrupted in a Ray- 
theon 9KC sonic oscillator followed by centri- 
fugation at 16,000 x G for 30 min. The straw- 
colored supernatant contained the active en- 
zyme and was used immediately. All opera- 
tions were carried out in the cold and because 
of the long reaction time employed, sterile 
conditions were maintained throughout all the 
experiments. 

The reaction mixture for detecting DAP 
decarboxylase activity contained 12.5 »M 
synthetic DAP, 10 pg pyridoxal phosphate, 
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TABLE I. Inhibition of DAP Decarboxylase by 
INH. 
A B 
INH cone. ug Go inhi- ug % inhi- 
(ug) lysine __ bition lysine __ bition 
100 4.38 98.3 34.4 86.4 
10 121.7 51.8 175.2 30.7 
1 187.9 25.7 227.2 10.2 
3 196.8 22.2 234.4 7.5 
Control 252.9 


A = 1 hr preineubation with INH before addi- 
tion of substrate. 
B = No preincubation with INH. 


1.0 ml of cell-free extract in a 0.1 M phos- 
phate buffer, pH 7.0. Total reaction volume 
was 2.0 ml. Suitable controls were included 
in all experiments. Varying concentrations of 
INH were employed and in some vessels INH 
was preincubated with the enzyme prepara- 
tion before the substrate was added. The re- 
action time was 18 hours, and the reaction 
stopped by heating at 100°C for 5 min. The 
precipitated protein was removed by centri- 
fugation and the clear supernatant solutions 
used for detection of enzymic reaction prod- 
ucts. Presence of lysine was detected by one- 
dimensional paper chromatography — using 
phenol-water and butanol-acetic as solvents. 
Final identification of lysine was by use of the 
microbiological assay method using Leuco- 
nostoc mesenteroides as the test organism. 
Results. Examination of the reaction mix- 
ture showed that DAP was converted to ly- 
sine by an enzyme present in cell-free extracts 
of tubercle bacilli. Identification of lysine as 
the end-product was made by comparison of 
the unknown ninhydrin-reacting spot with a 
lysine control in different solvents, and by 
demonstration of its utilization by the lysine- 
requiring bacterium, L. mesenteroides. No 
lysine was produced in the absence of DAP. 
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No spot comparable to that of cadaverine was 
detected by chromatography. 

INH was found to cause a marked reduc- 
tion in activity of DAP decarboxylase. This 
inhibition was most pronounced when the 
drug was preincubated with the enzyme-con- 
taining extract before addition of substrate. 
Table I shows the effect of preincubation of 
the enzyme for 1 hour with INH before addi- 
tion of the substrate, in a system in which ex- 
traneous pyridoxal phosphate was omitted. 

When pyridoxal phosphate is added to the 
reaction mixture, degree of inhibition at the 
various drug levels is reduced. This protec- 
tion against INH is greatest when the enzyme 
is preincubated with pyridoxal phosphate for 
1 hour before addition of the substrate and 
INH (Table I). It is also more pronounced 
at the lower levels of INH. At the higher 
concentrations of the drug, the amount of py- 
ridoxal phosphate employed was probably in- 
sufficient to neutralize effectively the large 
dose. 

Discussion. Cell-free extracts of Myco. tu- 
berculosis strain RIRv have been found to 
contain an enzyme which decarboxylates a- 
e-diaminopimelic acid to COs and_ lysine. 
This amino acid, first described by Work in 
acid hydrolysates of Corynebacterium diph- 
theriae(6,7), has since been shown to be 
present in many bacteria and blue-green al- 
gae, but to be absent from other organisms so 
far examined(8). Evidence is also accumu- 
lating to suggest that DAP serves a metabolic 
role as a precursor in the synthesis of lysine 
(9). It has been described and isolated from 
Myco. tuberculosis(10,11) where it is an im- 
portant fraction of the cell wall, but there has 
been no previous report of a metabolic role in 
this organism. Rate of decarboxylation of 


TABLE II. Effect of Pyridoxal Phosphate on INH Inhibition of DAP Deearboxylase Activity. 


INH cone. A ~ : B a a (a Se 
(ug) uglysine 9% inhibition uglysine 9% inhibition uglysine 4% inhibition 
100 13.2 96.6 70.9 82.2 63.9 83.6 

10 267.3 31.5 370.4 fol 316.9 18.9 
l 363.5 6.8 382.1 4.2 364.0 6.7 
a 373.6 4.3 396.5 58 370.3 5.1 

0 390.3 398.8 390.3 


A = 1 hr preincubation with INH before addition of substrate and pyridoxal phosphate. 
B = 1 hr preincubation with pyridoxal phosphate before addition of substrate and INH. 
C = Substrate, pyridoxal phosphate, and INH added simultaneously. 
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DAP by cell-free extracts of Myco. tubercu- 
losis was increased by addition of pyridoxal 
phosphate, although it was not essential for 
enzyme activity. This is probably because 
with the methods employed, the decarboxy- 
lase present in the extract is still largely un- 
dissociated from its coenzyme. DAP decar- 
boxylase activity was markedly inhibited by 
INH. Inhibition was greater if the drug was 
preincubated with the cell-free extract before 
addition of substrate. The results obtained 
also clearly indicate a relationship between 
toxicity of INH and pyridoxal phosphate. 
Further studies, however, are necessary to de- 
termine whether the reaction is a strictly com- 
petitive one between INH and _ pyridoxal 
phosphate for active sites on the enzyme mole- 
cule. The protection obtained by preincuba- 
tion of the preparations with pyridoxal phos- 
phate prior to addition of INH seem to indi- 
cate a competitive relationship. 

On the basis of our findings it is suggested 
that the DAP decarboxylase is important in 
the metabolism of Myco. tuberculosis, serving 
as an important and probably major pathway 
in lysine synthesis. The finding that DAP de- 
carboxylase is inhibited by INH, and that this 
inhibition can be overcome by pyridoxal phos- 
phate, is in accordance with the previous ob- 
servation in our laboratory that lysine synthe- 
sis by Myco. tuberculosis is markedly in- 
hibited by culture in the presence of subin- 


Effect of d-Lysergic Acid Diethylamide on Spinal Reflexes. 


LESLIE E. GEIGER AND PETER CERVONI 


hibitory concentrations of isoniazid. Because 
of the nature of the isoniazid molecule the in- 
terpretation of any data relating to its spe- 
cific mode of action is difficult, but the finding 
of a pyridoxal phosphate-requiring enzyme 
whose activity is inhibited by the drug lends 
additional support to the hypothesis that one 
of the important points of attack of INH in 
Myco. tuberculosis are those enzyme systems 
requiring pyridoxal phosphate as coenzyme. 

Summary. DAP decarboxylase activity 
has been detected in cell-free extracts of 
Myco. tuberculosis. Enzyme activity was in- 
hibited by INH and this inhibition could be 
overcome by pyridoxal phosphate. 
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(Introduced by William H. Chambers) 


Clinical Research Division, U. S. Army Chemical Warfare Laboratories, Army Chemical Center, Md. 


The alterations in mental function induced 
by d-lysergic acid diethylamide (LSD) are, 
presumably, paralleled by modifications of 
the activity of cells or synapses within central 
nervous system, whether cortical, subcortical 
or spinal. LSD, when administered to spinal 
cats, in doses as small as 10 pg/kg i.v. was 
found to augment polysynaptic withdrawal 
and crossed extensor reflexes(1). At higher 
doses (40-80 pg/kg) depression of the flexion 


reflex was found. The monosynaptic knee 
jerk was less consistently affected. After ad- 
ministration of LSD in doses sufficient to 
cause mental symptoms increased activity of 
stretch reflexes has, however, been a consis- 
tent clinical observation(2). In the follow- 
ing experiments, the effects of LSD were eval- 
uated by measurement of changes in magni- 
tude of the reflex volley in ventral roots rather 
than by recording of muscular contraction. 
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FIG. 1. Oscilloscopie tracing of response in 6th 
lumbar ventral root in response to stimulation of 
peroneal nerve. 


Methods. The upper cervical spinal cords 
of adult cats were sectioned through the at- 
lanto-occipital membrane under ether anes- 
thesia. Peripheral nerves and ventral roots 
were prepared for stimulation and recording 
utilizing standard technics(3,4). In these 
experiments a gastrocnemius, tibial or peron- 
eal nerve was stimulated with single square 
wave stimuli 0.08-3.0 volts intensity and 0.1- 
0.4 msec. duration. The stimuli were repeated 
at 2 or 3 second intervals. Temperatures of 
the animal and the pool of oil surrounding the 
cord were maintained at 36° and 34°C, re- 
spectively. Only those preparations whose 
baseline responses over a 30 minute control 
period varied less than 10% are considered in 
this report (20 out of 37). The criterion of 
significant change in amplitude of the mono- 
synaptic spike was 20% and the change in 
area of the polysynaptic complexes, estimated 
visually, was 50%. Blood pressure was re- 
corded from a common carotid artery with a 
strain gauge recorder. Thirty-six injections 
of LSD-25 (Sandoz) dissolved in sterile physi- 
ological saline, were administered through a 
cephalic vein in 20 preparations. Dosage 
ranged from 4-1000 ng/kg. The usual injec- 
tion time was 10 seconds. Rate of injection 
did not influence the results. 

Results. The characteristic modification of 
reflex activity observed in this study is shown 
in the figure. Increased height of the mono- 
synaptic response was observed after 11 of 
16 injections of doses greater than 200 pg/kg. 
Below this dose only 1 of 20 injections re- 
sulted in facilitation. Four instances of fail- 
ure to respond to doses of LSD greater than 
200 pg/kg occurred in cats which had received 
another dose of LSD less than 2 hours previ- 
ously. Only one such failure was observed 
among cats receiving more than 200 pg/kg as 
the first dose. Increased amplitude of the 


monosynaptic spike became apparent within 
15 seconds after completion of injection and 
lasted from 4 minutes to 3 hours. Maximum 
facilitation was observed with 250-300 pg/ 
kg. Higher doses tended only to prolong this 
effect, but no consistent relation of duration 
of effect to dose level was observed. For these 
reasons quantitative analysis of the dose- 
response relations were not possible. Poly- 
synaptic activity was observed in several 
preparations where nerves to flexor muscles 
were stimulated. With one exception, depres- 
sion of polysynaptic activity accompanied fa- 
cilitation of the monosynaptic reflex. After 
injection of doses higher than 100 pg/kg a 
significant increase in blood pressure was 
found but facilitation of the monosynaptic 
spike did not necessarily parallel the hyper- 
tensive effects. 

Discussion. The foregoing experiments 
and those previously published on evaluation 
of LSD action on spinal monosynaptic and 
polysynaptic pathways(1) are not directly 
comparable. In the previous studies, muscle 
reflexes were recorded. In addition to an ef- 
fect on the central pathway, reflex activity 
may have been modified by the action of LSD 
on peripheral structures. Of significance in 
this respect is the direct peripheral vasocon- 
striction which LSD induces similarly to its 
analogue, ergonovine(5). Resulting inter- 
ference with muscle perfusion may influence 
contractility and modify the activity of pro- 
prioceptive reflexes. 

The observation that larger doses were re- 
quired to produce effects in this series than 
those reported in previous studies(1) is con- 
sistent with the observation of Elder e¢ al. 
(6) that reproducible LSD intoxication in 
cats is obtained only with intravenous injec- 
tion of 400 pg/kg or greater. 


The magnitudes of the reflexes reported 
here are dependent primarily upon the integ- 
rity and the excitability of motoneurones and, 
in turn, upon the facilitatory and inhibitory 
tone of the internuncial systems. Since LSD 
may act upon any of these components, more 
precise localization of site of action of LSD is 
required before interpretation of a central 
mechanism of action is feasible. At present 
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significant comparisons can be made, how- 
ever, with the action of LSD upon other cen- 
tral pathways. Purpura(7) has postulated 
that those cortical tracts which have predomi- 
nantly axosomatic synaptic connections are 
facilitated by LSD. Since the connections of 
muscle afferents with spinal motoneurones are 
principally axosomatic(8) facilitation of the 
monosynaptic spike is to be expected. 

Also pertinent is the concept that certain 
cortical association tracts(9), midbrain reticu- 
lar pathways(10) and spinal reflexes(11) con- 
tain adrenergic links. The present study 
shows that LSD modifies spinal reflexes in a 
manner analogous to that of epinephrine(12). 
Similar evidence has been presented in experi- 
ments on the transcallosal preparation(9). 
LSD may, therefore, interact with proposed 
adrenaline-like transmitters. 

Summary. The amplitude of the mono- 
synaptic reflexes recorded from the ventral 
roots of unanaesthetized spinal cats was found 
to be increased after iv. injection of LSD 
in doses greater than 200 ng/kg. Polysynaptic 
activity was depressed coincidentally with 
facilitation of the monosynaptic spike. 
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The observation that total protein in cere- 
brospinal fluid may increase substantially in 
many diseases of the nervous system has 
stimulated considerable investigation of the 
protein fractions with new methods of pro- 
tein separation. It has been hoped that when 
specific changes were found, they would be of 
diagnostic value and would shed some light 
on the large number of neurologic diseases 
of unknown cause. The exceptional resolu- 


* This investigation was supported in part by grant 
from Nat. Multiple Sclerosis Soc. and Special Clinical 
Traineeship from Nat. Inst. of Neurological Diseases 


and Blindness. 


* 


tion of serum protein fractions by electro- 
phoresis in starch gel described by Smithies 
(1), and our(2) experience with this method, 
whereby we can obtain 15 to 20 protein frac- 
tions in normal sera, suggested that compar- 
able fractionation might be gained by apply- 
ing this technic to cerebrospinal fluid protein. 

Methods and materials. Specimens of 
spinal fluid and serum were obtained from 
patients in the hospital. Most of these pa- 
tients suffered from disease of the nervous 
system; only a few could be considered nor- 
mal subjects. After determining concentra- 
tion of protein of spinal fluid by the sulpho- 
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salicylic acid turbidity method(3), the speci- 
men was concentrated to give an approximate 
final concentration of 1 g% protein. Concur- 
rently a serum specimen was diluted with 
0.9% sodium chloride to 50 or 100 times 
its original volume and concentrated by the 
same method as the spinal fluid. The prin- 
cipal method of concentration was dialysis of 
the specimen in cellophane bags against 35% 
solution of Polyvinylpyrrolidone (PVP).t 
Usually 10 ml of cerebrospinal fluid were con- 
centrated to 0.2 ml. To assure recovery of 
the necessary volume of concentrate, a glass 
container of appropriate size was incorporated 
into the bottom of the bag. Containers of 0.2 
ml to 2 ml were designed to allow concentra- 
tion from 1-50 to 1-5. The appropriate 
amount of granular starch was placed in the 
container so that after concentration, the 
specimen was ready for application in the 
starch gel electrophoresis run. Care was taken 
to remove any air bubbles from the glass con- 
tainer prior to tying the top of bag. A small 
weight was attached to bottom of con- 
tainer to keep the bag in the vertical position. 
This method allows predetermination of vol- 
ume of final concentrate and minimizes the 
danger of losing the specimen. 

When specimens contain less than 25 mg% 
of protein, it is necessary to concentrate the 
material as much as 100 times, and under 
these circumstances we found lyophilization 
more satisfactory because of the small vol- 
ume of final concentrate. Prior dialysis is 
then necessary to eliminate excess electrolyte 
so that final electrolyte concentration is ap- 
proximately the same as that existing before 
concentration. Lyophilization, however, has 
the disadvantage of altering lipoproteins and 
is not necessary with most pathologic speci- 
mens, because the protein concentration is 
usually elevated. 

Electrophoresis conditions. Preparation of 
soluble starch and starch gel was similar to 
that described by Smithies(1). Details of 
method of preparing soluble starch for quan- 
titative studies of electrophoresis of serum 
proteins in starch gel are being published(2). 


t Generously supplied by Abbott Laboratories, Chi- 
cago, Ill, 


For spinal fluid studies we used a starch which 
is not hydrolyzed+ as long as the starch used 
for serum studies. These investigations 
utilized Idaho starch, Batch #584, manufac- 
tured by Magic Valley Processing Co., Twin 
Falls, Idaho.’ The gel was prepared by heat- 
ing 13.5 g of soluble starch with 100 cc of 
0.030 M borate buffer pH 9.05. Because of 
the small amount of protein in the sample, 
we employed a plastic form with cross-sec- 
tional area approximately half that used for 
routine serum work. It measured 7 mm by 
225 mm and was 6 mm deep. Optimal run- 
ning time was 6 hours at 2 milliamperes/gel 
strip at 14°C. After completion of electro- 
phoresis, the gel strip was removed from the 
plastic mold and cut in half longitudinally. 
One-half was stained with naphthalene black 
B 200 to visualize the proteins, the other half 
was stained with Oil Red O to show lipopro- 
teins. The lipoprotein stain was prepared by 
making a saturated solution of Oil Red O in 
methanol : acetic acid : water, 60 : 10 : 30. 
The gel strips were left in this solution for 48 
hours with 2 changes of fresh stain. They 
were then washed with continuous flow of tap 
water until background staining was reduced 
to a minimum. Permanent records were 
made through photography and with a photo- 
electric reflectometer designed for this pur- 
pose.|| With this instrument a continuous 
scan of each strip is carried out and a graph 
of the stained proteins is obtained (Fig. 1,2). 

Results. The serum protein patterns were 
similar to those previously reported(1), and 
for convenience we have used the same no- 
menclature when possible. The orientation 
of fractions in cerebrospinal fluids was simi- 
lar to that in serum of the same patient (Fig. 
1); however, differences were also obvious. 
The faster of the 2 pre-albumins was always 
considerably increased over that found in 


+ Soluble starch for serum studies is prepared by 
mixing 300 g of preheated starch and 600 cc acetone 
HCl (100:1) and let stand for 70 min. at 36.4°C. For 
cerebrospinal fluid studies contact~ time is reduced 
10%. 

§ Obtained from Morningstar-Nicol, Inc., N.Y.C. 

|| Generously supplied by Biophysics Dept. of Air- 
borne Instrument Co., Mineola, L.I., N. Y. 
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NORMAL LIPOPROTEINS | 


EG. Xk: 
serum electrophoresis patterns. 
stained with naphthalene black B, illustrate differ- 
ences in protein distribution between the 2 fluids. 
Strips on right were stained with Oil Red O for 


An example of normal spinal fluid and 
Strips on left, 


their refleetometer curves were made 
at higher magnification. 


lipoproteins ; 


serum, as were the bands in the beta area. 
Concentration of gamma globulin, and to a 
lesser extent haptoglobins, was less in the 
spinal fluid. The most marked reduction was 
in slow alpha-2, the major high molecular 
weight fraction of alpha-2 globulins. Ap- 
proximately 25% of spinal fluid samples ex- 
amined showed a narrow, sharp band which 
migrated toward the cathode but was clearly 
separated from the gamma fraction (Fig. 2). 
This “fast gamma” fraction has not been seen 
in corresponding sera, has not been reported 
to exist in sera by other workers who have 
employed the same technic of electrophoresis, 
and has not been found in normal spinal fluid 
examined by us. It has been noted in such 
diseases as multiple sclerosis, primary lateral 
sclerosis, thrombosis of posterior inferior 
cerebellar artery, and seizure disorder of un- 
known origin, and was noted in one patient in 
2 successive samples drawn 2 months apart. 
A number of abnormal spinal fluid protein 
patterns are illustrated in Fig. 2. It is not 
intended to suggest that these protein pat- 
terns are characteristic of the disease, but 
rather to demonstrate types of abnormalities 
which may be encountered. The pattern in 
cerebrospinal fluid specimen from a patient 
with bacterial meningitis shows poor separa- 
tion of proteins in the alpha-beta region. In 
addition, 4 pre-albumin fractions are noted. 
Since only 2 pre-albumin fractions have been 
noted in any other condition, this latter find- 
ing may be of significance. The multiple 


sclerosis specimen illustrates changes — in 
gamma as well as increases in post-albumin 
globulins. In the specimen from patient with 
Guillain-Barre Syndrome, a striking increase 


in gamma globulin is noted. 


Lipoproteins appeared in 2 areas on the gel 
strip (Fig. 1). One, close to the origin, con- 
sisted of a wide zone with dense front migrat- 
ing toward the anode. The other migrated in 
the post-albumin region. By experiments 
with isolated lipoproteins, the fraction close 
to the origin was identified as beta lipopro- 
tein (low density lipoprotein floating in me- 
dium of density of 1.063); the fraction close 
to the albumin corresponded to alpha lipo- 
protein (high density lipoprotein which sedi- 
ments in bottom of tube in medium of 1.063 
density). Changes in alpha and beta lipo- 
protein fractions in spinal fluid generally fol- 
lowed alterations noted in the serum. The 
only consistent observation, however, is that 
the beta lipoprotein in spinal fluid is rela- 
tively decreased compared to that found in 
serum. The lipopretein patterns of a normal 
serum and cerebrospinal fluid are illustrated 
ony Debheg, ae 


Discussion. When free electrophoresis (4, 
5,6,7) and paper electrophoresis(8,9,10) were 
employed in separation of cerebrospinal fluid 
protein, albumin, alpha-1, alpha-2-, beta-, and 
gamma globulins were regularly noted. When 
concentration is adequate, 2 fractions, X and 
X-1, may be seen to migrate in front of albu- 
min(5,6). In addition, some investigators 
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PIG. 2. Examples of abnormalities of spinal fluid 
protein distribution in 4 disease states. The ‘fast 
gamma’’ (see A above) can be seen in specimen 
of bacterial meningitis, multiple sclerosis, and idio- 
pathic epilepsy migrating to left and separate from 
The meningitis shows 2 additional pre- 


gamma. 
albumins (see B and C above). 
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have noted other fractions which migrate in 
the beta-gamma region, and have designated 
them as tau(6,8,11), phi(7,12), and gamma-2 
(13). Success in demonstrating the X, X-1, 
tau, phi, and gamma-2 fractions has been vari- 
able, depending upon method employed. 
There is general agreement, however, that 
there are few, if any, characteristic changes in 
protein pattern in cerebrospinal fluid in dis- 
ease States. 


When specific changes are demonstrated, 
we might expect that they will be revealed by 
a technic which separates the proteins into 
individual fractions rather than into groups. 
Although neither our technic nor any other 
technic reported provides for such precise 
fractionation, the method herein described 
may be a step in this direction. 


In spinal fluid electrophoresis it is difficult 
to utilize the full potential of this method of 
protein separation because the total sample 
may be as little as 1 mg. If electrophoresis 
were carried out in the manner which would 
produce optimal fraction separation in serum, 
many low concentration fractions in spinal 
fluid would not be demonstrable. A compro- 
mise between fraction identification and frac- 
tion separation must be made. To accom- 
plish this we have used a somewhat underhy- 
drolyzed starch, a 6-hour rather than a 16- 
hour running time, and a plastic form with a 
cross-sectional area somewhat less than half 
of that used for routine serum work. As a re- 
sult of changing the technic, we can regularly 
identify only 10 to 12 fractions in serum or 
spinal fluid rather than 15 to 20 obtainable 
with the larger protein application available 
with serum under optimal electrophoresis con- 
ditions. We do not know how critical this 
limitation will be in detecting specificity of 
protein change in disease states. 


An additional problem in determining spe- 
cificity of protein distribution in disease 
states, is the desirability of quantitation. 
With paper electrophoresis we have shown 
that as total protein increases, the percent of 
each fraction increases at different rates (un- 
published). Without quantitation, this factor 
cannot be taken into account and only large 
protein alterations of fractions normally 


present will be distinguishable from normal 
variation. As used at present, however, the 
starch gel method is useful for exploring oc- 
currence of qualitative changes in protein in 
disease states. 

Changes of lipoprotein patterns in cerebro- 
spinal fluid have been noted by other inves- 
tigators(10,14,15). In starch gel electro- 
phoresis, lipoproteins migrate in areas where 
no major protein components are present 
(Fig. 1). This is an advantage since it aids 
in differentiating lipoproteins from high con- 
centration protein fractions which may have 
some yellow color unstained and may adsorb 


small amounts of Oil Red O. 


With the method described, no fractions 
have been observed in normal spinal fluid 
which were not present in the serum of the 
same patient. However, in abnormal spinal 
fluid, fractions have been noted which were 
not detected in the sera. Starch gel electro- 
phoresis does confirm the observation from 
other methods that there are significant dif- 
ferences in relative concentration of the frac- 
tions in the 2 fluids. The low concentration 
of slow alpha-2 suggests that large molecular 
size is a factor in determining which protein 
can cross the blood-brain barrier. This rela- 
tionship, however, is a complex one. 


Summary. 1. A method for separation of 
cerebrospinal fluid proteins by electrophoresis 
in starch gel is presented, and its advantages 
and limitations are discussed. 2. In normal 
spinal fluid 10 to 12 protein fractions are ob- 
served. These correspond to serum proteins 
in the same individual but are present in dif- 
ferent relative concentrations. In a number 
of cerebrospinal fluids from patients with neu- 
rologic diseases, considerable alterations of 
protein patterns were noted. Some examples 
of the type of abnormalities which may be en- 
countered are illustrated. 3. In some of these 
pathologic specimens protein fractions were 
found, which we have not yet seen in serum or 
in normal spinal fluid. These have been des- 
ignated as “fast gamma” and third and fourth 
prealbumins. 4.°A method for concurrently 
staining lipoproteins in cerebrospinal fluid 
and serum has been described. 
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Sulfhydryl Content of Failed and Strophanthin Poisoned Rabbit Hearts. 
(24289) 


Rosert C. REYNoLps, MAYNARD B. CHENOWETH AND GEORGE L. ELLMAN 
Biochemical Research Lab., The Dow Chemical Co., Midland, Mich. 


Recently, Bertelli and Mussini(1) reported 
that the sulfhydryl content of hearts perfused 
with 1:100,000 strophanthin-g (ouabain) was 
markedly lowered. There was a decrease of 
approximately 50% of sulfhydryl content of 
hearts in complete systolic contracture in- 
duced by strophanthin-g, compared to un- 
poisoned, perfused rabbit hearts. This find- 
ing and observations in our laboratory, led us 
to study the sulfhydryl content of crude myo- 
sin extracts of hearts after the hearts had been 
subjected to various conditions. 

Methods. Perfusion. Rabbits of the same 
strain, 3 to 4 months old, raised in air condi- 
tioned animal room on the same diet, were 
killed by blow on occiput, and their hearts 
removed as rapidly as possible. These hearts 
were perfused with the apparatus described 
by Anderson and Craver(2), available from 
Metro Industries, L. I. City, N. Y. The per- 
fusion solution was described by Chenoweth 
and Koelle(3). This work was performed 
during the summer months. Immediately 
after removal, the hearts were perfused 30 
minutes at 37 + 0.5°C. The first 500 ml of 
perfusion solution passing through heart was 
not recirculated because it contained blood. 


To avoid possible injury to hearts by attach- 
ing a hook, kymograph recordings were not 
made. Hearts that appeared damaged or 
showed evidence of failure during this 30- 
minute period were not analyzed. After per- 
fusion, the drug was added to a liter of solu- 
tion in the aeration reservoir, and the heart 
perfused 15 minutes more. Each heart was 
perfused 45 minutes. A control group of 
hearts was perfused 45 minutes continuously. 
A second group was perfused with 1:100,000 
strophanthin Kombé N. F. (S. B. Penick Co.) 
for 15 minutes. Then they were in complete 
systolic contracture. A third group was per- 
fused with 0.04% sodium pentobarbital. A 
fourth group was perfused with 5% ethanol 
(v/v). A fifth group was failed by per- 
fusing with a solution containing 25% of 
usual calcium ion concentration: 0.54 mM 
CaCl./l, or 0.079 g CaCl2*2H,0/1. _ All 
hearts in the last 3 groups failed, stopping in 
diastole in 7 to 9 minutes; however, all hearts 
were perfused for the full 15 minute period. 
Extraction. The hearts were removed from 
apparatus and ventricles were immediately 
frozen in liquid nitrogen. While still frozen, 
the ventricles were crushed in stainless steel 
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TABLE I. Rabbit Heart Sulfhydryl Content (yg 
SH/mg N). 
Strophan- Failed 
thin-K Pento Catt 
poisoned Untreated barbital deficient 
13.95 
yes 15.52 13.01 17.27 
18.05 16. 16.05 14.20 
18.06 16.58 14.15 14.04 
18.75 17.68 11.35 17.62 
18.52 16.26 11.85 17.61 
Mean 18.08 16.41 13.39 16.15 
S.D. .06 mie 1.72 1.66 
12 008 .006 


cylinder by sledge-hammer driven piston. 
Then portions weighing 100 to 200 mg were 
suspended in 10 ml of 3.6% potassium chlor- 
ide—0.4% potassium bicarbonate solution 
with a Potter-Elvejhem homogenizer equipped 
with Teflon® pestle. This procedure dissolves 
myosin and other water soluble fractions of 
heart but not fibrous tissue. This crude ex- 
tract of heart muscle was centrifuged 30 min- 
utes at 6,000 rpm at 5°C. The supernatant 
was immediately analyzed for sulfhydryl con- 
tent by the method described by Ellman(4). 
Micro-Kjeldahl determinations for nitrogen 
were performed on an aliquot of this super- 
natant. Sulfhydryl determinations: Two ml 
of supernatant were diluted with 3 ml water 
and 2 ml 0.03 M potassium phosphate buffer 
at pH 8.0. To this solution was added 3 ml 
of 0.1% acetone solution of bis (p-nitro- 
phenyl) disulfide. The mixture was then 
centrifuged 5 minutes at 6,000 rpm to remove 
precipitated protein. The yellow p-nitroben- 
zenethiol anion which was released by the 
sulfhydryl groups in the tissue was then meas- 
ured with Beckman DU  spectrophotometer 
at 412 mp. These determinations were made 
against appropriate blank solutions. Amount 
of sulfhydryl present was determined and 
sulfhydryl content/mg of nitrogen calculated. 
The data were analyzed statistically with the 
“t” test according to Snedecor(5). 

Results. Table I presents data. The sig- 
nificant changes are (1) depression of SH lev- 
els in pentobarbital failed hearts, and (2) ele- 
vation in Strophanthin K_ poisoned hearts. 
Failure caused by treatment with Ca deficient 
bath fluid failed to change SH levels. Meas- 
urements on hearts failed with ethanol are 
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not given in the Table since variation in re- 
sults is so large as to make comparison with 
other results difficult. [12.73 + 5.4 (1 SD) 
mg SH/mg N]. We did not at any time ob- 
serve detectable SH material in the perfusion 
fluid. 


Discussion. These data are obviously in 
contradiction to data of Bertelli and Mus- 
sini, who reported a lowering of sulfhydryl 
concentration with strophanthin-g poisoning. 
and these data indicate a rise in sulfhydryl 
concentration with strophanthin Kombé poi- 
soning. Since both of these drugs are very 
similar pharmacologically, it seems strange 
that they should produce opposite effects on 
sulfhydryl levels. 


Our data also suggest that in some types 
of failure, sulfhydryl concentration of heart 
muscle is lowered. Since Bertelli and Mus- 
sini did not describe the condition of hearts 
before adding strophanthin-g, it is possible 
that the hearts were already in some degree 
of failure before the drug was added. These 
workers did not analyze hearts for sulfhydryl 
that had been failed. The methods of sulf- 
hydryl determination in these experiments, 
although different, are both reliable methods; 
therefore, there should be no disagreement 
arising from actual analysis of sulfhydryl 
groups. It is more likely that a difference 
would arise from the methods in which tissues 
were handled before analysis. Bertelli and 
Mussini do not describe the procedure they 
followed in homogenizing their tissue samples, 
but care has been taken, in this case, to pre- 
serve the sulfhydryl content of tissues during 
analysis. 


Summary. Perfused rabbit hearts were 
analyzed for sulfhydryl content. Unfailed 
hearts showed average concentration of 16.41 
ug sulfhydryl/mg nitrogen. Hearts which 
had been put into systolic contracture with 
strophanthin-K showed a significant rise in 
sulfhydryl concentration, whereas hearts 
which were put into diastolic arrest with so- 
dium pentobarbital showed a significant low- 
ering in sulfhydryl concentration. Hearts 
which were put into diastolic arrest by lower- 
ing of calcium ion in the perfusion media 
showed an average sulfhydryl concentration 
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which is not significantly different from the 
normally beating heart. 
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Adrenocortical Function in Some Mental Diseases. (24290) 


DHTRENDRA NatH NANDI AND SACHCHIDANANDA BANERJEE 
Depariment of Physiology, Presidency College, Calcutta, India 


Controversial reports have appeared re- 
garding the functional state of the adrenal 
cortex in mental diseases. In schizophrenia, 
hypoactivity of the adrenal cortex has been 
claimed(1-6) and denied(7-10). One reason 
for this controversy might have been the dif- 
ferent diagnostic criteria of the workers. The 
present investigation deals with functional ac- 
tivity of the adrenal cortex in patients suffer- 
ing from schizophrenia, paranoia, depression 
and mania. Eosinopenic response to injected 
epinephrine was used as the test in all the 
diseases. In some of the schizophrenic pa- 
tients eosinopenic response to injection of 
ACTH and urinary excretion of 17-ketoster- 
oids were also determined. 

Methods. Patients were selected from Lum- 
bini Park Mental Hospital at Calcutta. Nor- 
mal subjects were male and female nurses of 
the same hospital. Patients with composite 
diagnosis like depression with paranoia, pa- 
tients complicated with arteriosclerosis, psy- 
chosis, general paralysis of the insane. thyro- 
toxicosis with psychosis were avoided. The 4 
groups of patients were selected according to 
the following basic features: Schizophrenia 
starts insidiously at adolescence and_pro- 
gresses slowly. There is gradual personality 
deterioration with disorders of feeling, 
thought, conduct and memory, and with- 
drawal of interest from environment. Para- 
noia is a focal personality disorder with de- 
lusion formation without much deterioration 
of personality. Hallucination may be pres- 
ent. Power of reasoning remains relatively 
unimpaired, but does not accord with the 


existing surroundings and patients do not real- 
ize the absurdity of their delusions or hallu- 
cinations. Mania is associated with elated 
mood with emotional instability. There is 
flight of ideas and psychomotor hyperactivity. 
Megalomanic ideas may be present. Depres- 
sion. Patients suffer from depressed mood 
and retardation of thinking process. Slug- 
gishness of psychomotor activity, sense of 
guilt, self-reproach and self-depreciating ideas 
are often present. In the schizophrenic group 
stress was given to the basic features, and dif- 
ferent sub-classes of this group were not in- 
cluded. In manic depressive psychosis, im- 
portance was given to the nature of manifes- 
tation at time of study and patients of this 
group were included in either mania or de- 
pression. .3 cc of epinephrine hydrochloride 
(1/1000) was injected subcutaneously in 
early hours of morning before breakfast and 
blood collected from anticubital vein in ox- 
alated tubes both before and 4 hours after 
injection. Eosinophils in blood samples were 
counted by the method of Menneman e¢ al. 
(11). In 8 schizophrenic patients, who did 
not improve with insulin shock and electric 
convulsion therapy, 25 mg ACTH was in- 
jected subcutaneously and eosinophils were 
counted in the blood samples collected before 
and 4 hours after the injection. In these pa- 
tients 17-ketosteroids in 24 hour urine sam- 
ples were extracted and estimated by the 
method of Davidson e¢ al.(12). 

Results. Tables I-III] summarize the re- 
sults. Eosinophils of patients suffering from 
schizophrenia and mania were significantly 
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TABLE I. Blood Eosinophils and Their Reduction 
4 Hours after Subcutaneous Injection of .3 ce Epi- 
nephrine Hydrochloride (1/1000). 


Eosino- Reduction 
phils/em of eosino- 
blood be- phils (%) 
fore epi- after 

Subjects nephrine ¢ epinephrine ¢ 
Normal (15) 386 + 32* 63 + 2 
Schizophrenia(26) 498 + 37 3.1 sil see) aly 
Paranoia (21) 300 + 22 2.3 63 + 2 0 
Depression (10) 188+ 32 4.5 75 +3 3.3 
Mania (15) 566+ 75 2.3 PEE) AEs) 


* Mean + stand. error. 
Figures in parentheses indicate No. of subjects. 


TABLE II. Blood Eosinophils and Their Reduc- 
tion 4 Hours after Subcutaneous Injection of 25 


mg ACTH. 
Reduction of 
Eosinophils/em eosinophils 
blood before (%) after 
Subject ACTH ACTH 
Normal (15) 380 + 31 63 + 2 
Schizophrenia (8) 622 + 126 31+ 6 


TABLE III. 24-Hour Urinary Exeretion of 17- 


Ketosteroids (mg). 
Subjects 24-hr urinary 17-Ks (mg) 


Normal (15) 
Schizophrenia (8) 
t 


16.94 + .91 


3.39 + .63 
12.3 


higher than the counts in normal persons. 
Eosinopenic response to injections of epine- 
phrine was significantly lower in patients suf- 
fering from schizophrenia and mania, higher 
in depression, and did not differ from normal 
subjects in patients suffering from paranoia. 
Eosinopenic response to injection of ACTH 
was lower in schizophrenia. Urinary excre- 
tions of 17-ketosteroids were significantly 
lower than those of normal Indians(13). 
Discussion. Schizophrenia. All patients 
had possibly hypofunctioning adrenal cortex 
as evidenced by eosinopenic response to 
epinephrine and ACTH and urinary excretion 
of 17-ketosteroids. Epinephrine may directly 
depress the eosinophil count as has been ob- 
served by Thorn(14) but the depression was 
less in schizophrenics than normal subjects. 
ACTH also produced less depression of eosino- 
phil count in schizophrenics than normal per- 
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sons. Eosinopenic response to epinephrine 
and ACTH was qualitatively similar in both 
schizophrenics and normal persons. It is, 
therefore, likely that epinephrine acted in- 
directly through the pituitary by liberating 
ACTH and eosinopenic response to epine- 
phrine may be considered as a suitable test for 
determination of functional activity of the 
adrenal cortex in schizophrenia. Average 
daily urinary excretion of 17-ketosteroids in 
patients suffering from schizophrenia was 3.39 
mg; corresponding excretion in normal sub- 
jects of the same economic and social status 
was 16.94 mg. Patients were between 21 and 
35 years of age. The depressed output of 17- 
ketosteroids was, therefore, possibly not due 
to the aging process(15). It, however, might 
have been a non-specific reflection of chronic 
disease. The contradictory reports on func- 
tioning of the adrenal cortex by various work- 
ers might be due to the different diagnostic 
criteria followed in placing a patient suffering 
from mental diseases under schizophrenia. 
Patients suffering from mania also showed 
diminished activity of adrenal cortex. The 
finding was similar to that reported by Leh- 
man ef al.(16). Symptoms similar to those 
of mania are usually seen in prefrontal leu- 
cotomised subjects. Vargha ef al.(17) ob- 
served that after leucotomy operation eosino- 
phils of blood increased. It might be that 
leucotomy depressed functional activity of 
the adrenal cortex. As the pituitary-adrenal 
axis is regulated by the hypothalamus, a dis- 
order in the relation between prefrontal cor- 
tex and hypothalamus in mania might be re- 
sponsible for the malady. 


The type of mental reaction in depression 
is the reverse of mania. Hyperactivity of the 
adrenal cortex was observed in patients suf- 
fering from depression. From the psycho- 
logical point of view superego is hyperactive 
in cases of depression. The somatic structure 
responsible for superego activity in all proba- 
bility lies in the prefrontal area of the cerebral 
cortex. The symptoms of depression might 
be due to hyperactivity of prefrontal cortex. 
In depression, therefore, the possible site of 
depression might be in the cortical hypothala- 
mic relation leading to increased pituitary 
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adrenocortical activity. The functions of 
adrenal cortex were normal in paranoia. In 
this disease the psychical disturbance is lim- 
ited within certain spheres of mental organiza- 
tion and condition of stress is less in compari- 
son with other psychotic diseases. The func- 
tional activity of the adrenal cortex, therefore, 
possibly did not change. Diminished urinary 
excretion of 17-ketosteroids in schizophrenia 
might be due to hypofunction of testes Leydig 
cells, of adrenal cortex or of both these or- 
gans. Hemphill et a/.(18) observed degenera- 
tive changes in the testes of schizophrenics 
and changes in most patients were similar to 
those of the testes of hypophysectomized ani- 
mals. Urinary excretions of 17-ketosteroids 
also decreased both after electric convulsion 
therapy(18,19) and prefrontal leucotomy 
(18). The disorder in schizophrenia seems 
likely to be in the cerebral control of pitui- 
tary. 

Summary. Eosinopenic response to injected 
epinephrine was studied in patients suffering 
from schizophrenia, paranoia, depression and 
mania. Eosinopenic response was lower in 
cases of schizophrenia and mania, higher in 
depression and normal in paranoia. Eosino- 
penic response to injected ACTH which was 
studied in 8 schizophrenic patients was very 
low. 24-hour urinary excretion of 17-ketos- 
teroids by these schizophrenic patients was 
also very low. 


We are indebted to Dr. T. C. Sinha, Superintendent 
of Lumbini Park Mental Hospital of Calcultta, for 
kind permission to work with patients of the hospital. 


Potentiating Effects of Reserpine on Thyrotoxicity in the Rat.* 
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BENJAMIN H. ERSHOFF 
Department of Biochemistry and Nutrition, University of S. California, Los Angeles 


Considerable data are available indicating 
that reserpine under various experimental con- 
ditions has an anti-thyroid effect. Thus 
Kuschke and Gruner(1) reported that large 

* Communication No. 458 from Dept. of Bio- 
chemistry and Nutrition, Univ. of S. Calif. 


doses of reserpine prevented the increase in 
oxygen consumption produced by parenter- 
ally administered thyroxine in rats. De 
Felice et al.(2) observed that reserpine re- 
duced oxygen consumption of euthyroid and 
hyperthyroid guinea pigs. A direct in vitro 
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antithyroid effect of reserpine consisting 
chiefly of inhibition of organic binding of 
I'*! has been reported(3). Moncke(4) found 
that chronic reserpine therapy over a period 
of months produced “normalization” of basal 
metabolic rate in a group of 15 hyperthyroid 
patients. In contrast to the above Goodman 
et al.(5) found that reserpine at the dose 
levels employed clinically for treatment of 
hypertension did not affect thyroid function 
in man; and Ford et al.(6) were unable to 
demonstrate any change in basal metabolic 
rate or I'*! uptake of the thyroid gland in 
euthyroid patients after chronic treatment 
with a total alkaloid extract of Rauwolfia ser- 
pentina. Since rats fed highly purified diets 
are particularly sensitive to thyroid feeding as 
evidenced by early death, apparently due to 
cardiac failure(7,8), it was felt that if reser- 
pine has an anti-thyroid effect it might be 
manifest in terms of an increased survival 
time in the immature thyroid-fed rat. Find- 
ings indicate, however, that rather than pro- 
longing survival as might have been antici- 
pated, reserpine in large doses significantly 
increased the toxic effects of thyroid feeding. 

Procedure. The basal ration consisted of 
sucrose, 65.8%; casein,t 24%; salt mixture,+ 
5%; corn oil 5%; and I-cystine, 0.2%. To 
each kg of the above diet were added the 
following vitamins: thiamine hydrochlor- 
ide, 20 mg; riboflavin, 20 mg; pyridoxine 
hydrochloride, 20 mg; calcium  pantothe- 
nate, 60 mg; nicotinic acid, 100 mg; 
ascorbic acid, 200 mg; biotin, 4 mg; folic 
acid, 10 mg; para-aminobenzoic acid, 400 
mg; inositol, 800 mg; Vit. By, 150 pg; 2- 
methyl-naphthoquinone, 5 mg; choline chlor- 
ide,.2-g- Vit, A, 5000 U-S:P. units: Vit. Ds, 
500 U.S.P. units; and alpha-tocopherol ace- 
tate, 100 mg. The vitamins were added in 
place of an equal amount of sucrose. Male 
and female rats of the Holtzman strain were 
selected shortly after weaning and were fed 
either the basal ration indicated above or the 
basal ration plus the supplements listed in 
Table I. Food and water was provided ad lib. 


+ Vitamin-free Test Casein, General Biochemicals 
Chagrin Falls, O. 

+ Hubbel, Mendel and Wakeman Salt Mixture, 
General Biochemicals, Chagrin Falls, O. 
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Animals were fed daily and all food not con- 
sumed 24 hours after feeding was discarded. 
Feeding was continued for 6 weeks or until 
death whichever occurred sooner. Initial 
body weight, number of animals per group 


and results obtained are summarized in 
Table I. 
Results. In agreement with earlier find- 


ings(7,8) growth was retarded and rats failed 
to survive when fed a highly purified ration 
containing massive doses of thyroid. The ef- 
fects obtained were proportional to amount of 
thyroid administered. Reserpine’ when fed 
with the basal ration at a level of 10 mg/kg 
of diet had no deleterious effects on either 
growth or survival; when fed at a level of 20 
mg/kg diet, however, it resulted in significant 
growth retardation although no deaths oc- 
curred during the experimental period. Com- 
bined supplements of reserpine at a level of 
20 mg/kg ration and desiccated thyroid at all 
levels caused 100% mortality within an ex- 
perimental period of 10 days. Reserpine 
when fed at a level of 10 mg/kg ration in con- 
junction with the 0.5% thyroid supplement 
resulted in a weight increment significantly 
less than that obtained with the thyroid sup- 
plement alone and also decreased average 
length of survival. It is apparent from these 
findings that whereas decreasing doses of thy- 
roid did not significantly affect the deleterious 
effects of combined reserpine-thyroid supple- 
mentation when reserpine was fed at a level 
of 20 mg/kg ration, decreasing the dosage of 
reserpine when thyroid was kept at the 0.5% 
level reduced the severity of the effects ob- 
tained. The potentiating effects of reserpine 
on symptoms of thyrotoxicity were observed 
both in male rats (Exp. 1) and female rats 
(Exp. 2).|| 
ag? Reserpine was kindly provided by ‘Dr. George 
Cronheim of Riker Labs., Les Angeles, Calif. 

|| Similar studies were conducted with female rats 
of the Holtzman strain fed a natural food stock ra- 
tion (ground Rockland Rat Diet, Arcady Farms 
Milling Co., Chicago, Ill.). No deaths occurred in 
rats fed the unsupplemented stock ration, the stock 
ration plus 0.125% desiccated thyrcid or the stock 
ration plus 20 mg reserpine/kg of diet (6 animals / 
group). All 6 rats fed the stock ration supplemented 
with above amounts of both thyroid and reserpine, 
however, died within 12 days. 
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TABLE I. Effects of Reserpine on Weight Increment and Survival Time of Thyroid-Fed Rats.* 
<a . 


Gain (g) in body wt after following 


Avg survival 


‘ days of feedin i i - 
Supplements fed with basal ration 21st “ona Ale ne Bop ie jes 
Ea Ea eae eae Ce ? ‘ 
Exp. 1 i 
None 133.6 (10) 213.6 (10) 0) 
125% thyroid 118.4 (10) 193.9 (10) 0) 
a a 103.0 (10) 134.2 ( 8) 70 35.2 
39% 95.4 (10) 143.4 ( 1) 90 31.6 
10 mg reserpine/kg diet 144.8 (10) 228.6 (10) 0 
20 mg Idem 94.2 (10) 170.5 (10) 0 
-125% thyroid & 20 mg reserpine/kg diet 100 8.7 
25% Idem 100 8.3 
5% ; 100 6.3 
5% id &10mgreserpine/kg 50.3 ( 5) 100 21.8 
diet : 
Exp. 2 
None 96.9 (10) 139.2 (10) 0) 
-125% thyroid 98.2 (10) 141.2 (10) 0 
20 mg reserpine/kg diet 62.0 (10) 107.2 (10) 0 
-125% thyroid & 20 mg reserpine/kg 100 8.6 
diet 
= Exp. 3 
None } 98.4 ( 6) 144.2 ( 6) 0 
125% thyroid 98.5 ( 6) 146.7 ( 6) 0 
20 mg reserpine/kg diet 83.2 ( 6) 108.4 ( 6) 0 
.125% thyroid & 20 mg reserpine/kg 100 12.4 
diet 
200 mg chlorpromazine HCl/kg 94.4 ( 6) 123.9 ( 6) 0 
diet 
125% thyroid & 200mg chlorpro- 84.7 ( 6) 108.6 ( 6) 0 
mazine HCl/kg diet 
2700 mg 2-methyl-2-n-propyl-1,3- 88.2 ( 6) Te GeO) 0 
propanediol dicarbamate/kg 
diet 
125% thyroid & 2700 mg 2-methyl- 93.9 ( 6) 126.4 ( 6) 0 


2-n-propyl-1,3-propanediol 
dicarbamate/kg diet 


Values in parentheses indicate No. of animals which survived and on which averages are 


based. 


_ *In Exp. 1 each group consisted of 10 male rats with avg initial body wt of 57.3 to 56.8 g; 
in Exp. 2 each group consisted of 10 female rats with avg initial body wt of 46.0 to 46.2 g; 
in Exp. 3 each group contained 6 female rats with avg initial body wt of 56.0 to 56.4 g. 


Tests were subsequently conducted to de- 
termine the comparative effects of reserpine, 
chlorpromazine hydrochloride’ and 2-methyl- 
2-n-propyl-1, 3-propanediol dicarbamate** on 
symptoms of thyrotoxicity in the immature 
thyroid-fed rat. Findings indicate that 
whereas reserpine when fed at a level of 20 
mg/kg of diet resulted in a 100% mortality 
within 14 days when fed with 0.125% desic- 
cated thyroid, no deaths occurred in any of 
the rats fed this dose of thyroid in conjunc- 
tion with chlorpromazine hydrochloride or 

§Thorazine HCl, Smith, Kline & French Labs. 


Philadelphia, Pa. 
** Miltown, Wallace Labs., New Brunswick, N. J. 


2-methyl-2-n-propyl-1, 3-propanediol  dicar- 
bamate, nor was weight increment of rats fed 
the latter drugs in conjunction with desic- 
cated thyroid significantly less than that of 
rats fed these drugs without the thyroid (Exp. 
3, Table 1). 

No data are available to indicate the 
mechanisms whereby doses of reserpine and 
thyroid, which when administered individ- 
ually are non-lethal, rapidly result in death 
when administered concurrently. These re- 
sults were unanticipated since reserpine has 
been reported to prevent increase in oxygen 
consumption in rats(1) and guinea pigs(2) 
administered thyroid hormone. — Further- 
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more, Kuschke and Gruner’s(1) suggestion 
that reserpine functions as a thyroxine an- 
tagonist would lead one to expect that rather 
than potentiating the toxic effects of thyroid 
administration reserpine would counteract 
such effects. In this regard it may be of im- 
portance that the dosage of reserpine em- 
ployed in the present experiment was larger 
than that employed by others. It is possible, 
however, that the growth retardation and 
death obtained when thyroid and reserpine 
were fed concurrently were due not to a po- 
tentiation of thyrotoxicity as a result of reser- 
pine administration but rather a potentiation 
of reserpine toxicity as a consequence of thy- 
roid feeding. 

Summary. Doses of reserpine and desic- 
cated thyroid which were non-lethal to im- 
mature rats when administered separately re- 


Effect of Polyearboxylic Acids on Blood Clotting.* 


POLYCARBOXYLIC ACIDS ON BLoop CLOTTING 


sulted in a 100% mortality within a 2 week 
period when administered concurrently. 


1. Kuschke, H. J., Gruner, H., Klin. Wchnschr., 
1954, v32, 563. 

2. De Felice, E. A., Smith, T. C., Dearborn, E. H., 
Proc. Soc. Exp. Bror. AND MEp., 1957, v94, 171. 

3. Mayer, S. W., Kelly, F. H., Morton, M. E., J. 
Pharmacol. and Exp. Therap., 1956, v117, 197. 

4. Moncke, C. L., Medizinische, (Dec.) 1955, No. 
50, 1742. 

5. Goodman, J. R., Florsheim, W. H., Tempereau, 
C. E., Proc. Soc. Exp. Bror. AND MEp., 1955, v90, 
196. 

6. Ford, R. V., Livesay, W. R., Miller, S. I., Moy- 
er, J. H., Med. Rec. (Houston), 1953, v47, 608. 

7. Ershoff, B. H., Hershberg, D., Am. J. Physiol., 
1945, v145, 16. 

8. Ershoff, B. H., Arch. Biochem., 1947, v15, 365. 
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EpwIin E. Gorpon (Introduced by H. L. Blumgart) 
The Department of Medicine, Harvard Medical School, the Medical Research Department, 
Yamins Research Laboratories, and the Medical Service, Beth Israel Hospital, 
Boston, Mass. 


The anticoagulant action of citrate has been 
known for more than 60 years(1). The simi- 
larity in molecular structure of isocitrate and 
aconitate to citrate suggested that these tri- 
carboxylic acids might also interfere with the 
clotting mechanism. To test this hypothesis, 
isocitrate, aconitate and the sodium salts of 
other polycarboxylic acids were incubated 
with human blood. Of the acids tested, those 
with 3 free carboxyl groups were effective in 
prolonging the clotting time. 

Methods. Two ml of venous blood from 
normal volunteers or from patients without 
known clotting defects was discharged into 
tubes containing a solution of 0.5 ml of the 
appropriate test substance and into control 
tubes charged with 0.5 ml of 0.85% saline. 
The tubes were stoppered, inverted several 
times and placed upright in a rack at room 


* Supported by a grant from the Massachusetts 
Heart Assn. 


temperature. Clotting time was defined as 
the interval between termination of mixing 
and formation of a firm clot which remained 
at the bottom when the tube was completely 
inverted. The polycarboxylic acids, obtained 
from commercial sources,t were put into solu- 
tion, neutralized to pH 7 (pH Hydrion paper) 
and made up to volume with distilled water or 
saline just prior to use. The citric acid con- 
tent of the commercial cis-aconitic acid, trans- 
aconitic acid, dl-Nag isocitrate, and tricarbal- 
lylic acid was found to be less than 0.05% 


+ Citric acid was purchased from Baker Chemical 
Co.; cis-aconitic acid, dl-malic acid, fumaric acid, tri- 
carballylic acid, malonic acid, dl-isocitric acid lactone 
and Nag isocitrate were purchased from the Cali- 
fornia Foundation for Biochemical Research, Los 
Angeles. The source of the other compounds tested 
was the Nutritional Biochemical Corp., Cleveland, 
Ohio. Trans-aconitic acid, recrystallized from the 


commercial preparation, was found to be 86% pure 
by chromatography (2). 


POLYCARBOXYLIC AcIps oN BLoop CLOTTING 


100 x Citrate wu 
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CLOTTING TIME — M/NUTES 
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FINAL CONCENTRATION OF ACID IN 
BLOOD (y moies/ml) 


FIG. 1. Effeet of varying concentrations of citrate, 

dl-isocitrate and cis-aconitate on clotting time of 

whole blood. Two ml of blood was added to 0.5 ml 
of a solution containing the test substance. 


as determined by the method of Natelson, 
Pincus & Lugovoy(3). This amount of citric 
acid present as a contaminant would not ap- 
preciably influence blood clotting time. 


Results. Both isocitrate and cis-aconitate 
were found to increase clotting time of whole 
blood (Fig. 1). The effect was dependent 
upon the concentration of polycarboxylic acid 
in the blood. Prolongation of clotting time 
was identical in the presence of equimolar con- 
centrations of isocitrate and cis-aconitate. At 
a final concentration of 46 pmoles/ml both 
isocitrate and cis-aconitate increased clotting 
time to over 24 hours (Table I). The un- 
natural isomer, trans-aconitate, prolonged the 
clotting time, but was less effective than the 
cis isomer. Tricarballylate was also found to 
influence clot formation. The lactone of iso- 
citric acid was relatively ineffective in increas- 
ing the clotting time. Only a slight prolonga- 
tion of clotting time was noted when each of 
the dicarboxylic acids, a-ketoglutarate, suc- 
cinate, fumarate, malate, glutarate, citra- 
conate, glutamate and malonate was added to 
blood. 

In other experiments, 2.0 ml of blood was 
mixed with 0.5 ml of 0.23 M cis-aconitate and 
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permitted to stand for 4 hours. Control tubes 
contained 0.5 ml of saline and a drop of 
heparin (1000 U/ml) instead of cis-aconitate. 
At the end of the incubation period the cellu- 
lar elements were removed by centrifugation, 
plasma proteins were precipitated with 3 vol- 
umes of 20% trichloracetic acid and the citric 
acid of the supernatant was determined. 
Plasma that had been incubated with cis- 
aconitate contained 5-7 yg citric acid/ml more 
than the control. This experiment indicated 
that a quantity of cis-aconitate, insufficient to 
affect clotting time, had been converted to 
citrate. Incubation of isocitrate in a similar 
manner did not reveal conversion of this acid 
to citrate. 

Recalcification times were carried out on 
plasma from whole blood that had been in- 
cubated for 2 hours at room temperature with 
0.046 M isocitrate and with cis-aconitate. 
Plasma clots formed between 5 and 10 min- 


TABLE I. Effect of Polyearboxylic Acids on 
Clotting Time of Human Blood. 2 ml of blood 
mixed with 0.5 ml of 0.23 m acid (neutralized to 
pH 7). Control tubes contained 2 ml of blood plus 
0.5 ml of 0.85% saline. Values are the means of a 
number (in parentheses) of experiments. Range of 
values is given beneath mean value in each case. 


Clotting time 
Acid Control Sample 
Tricarboxylic Min. 
Citric* (4) 5 >24 hr 
Cis-aconitie (4) 5 >24 ” 
Trans-aconitie (4) ff 5-18 ” 
Tsoeitrie (4) 6 S24” 
Tsocitric lactone (4) 5 30 min. 
13-49 ” 
Tricarballylie (4) 5 > 24 hr 
Dicarboxytie Min. Min. 
a-ketoglutarie (4) 5 10.5 
9-12 
Sueccinie (4) 6 28 
18-41 
Fumarie (4) 6 8 
7-9 
Malice (7) 15) 21 
17-42 
Glutarie (4) 6 10.5 
4-15 
Citraconie (3) ff 27 
26-29 
Glutamie (2) Do 10 
8-12 
Malonie (5) 5 12 
8-16 


* Concentration ,115 M, 
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utes after addition of 0.2 ml of 0.02 M CaCl, 
to 0.2 ml of plasma. Clot formation was not 
apparent 4 hours after CaCl. had been added 
to plasma from the tricarballylate incubated 
blood samples. 

Discussion. These experiments indicate 
that blood clotting is inhibited im vitro in the 
presence of isocitrate and cis-aconitate as well 
as in the presence of citrate. None of the di- 
carboxylic acids tested was effective in pro- 
longing clotting time; the lactone of isocitric 
acid was similarly ineffective. The mechanism 
of the inhibition has not been established. Al- 
though other interpretations are possible, it 
is likely that the tricarboxylic acids chelate 
with ionic calcium through the 2 terminal 
carboxyl groups as postulated by Heinz(4) 
to form relatively undissociable calcium com- 
plexes in the blood. Tricarballylate has been 
shown to complex with ionic calcium in pure 
solutions(5), but it appears from the recalci- 
fication experiments that its ability to prevent 
clotting stems from interference with the co- 
agulation mechanism other than its Ca** bind- 
ing ability. 

In the normal state it is unlikely that cis- 
aconitate or isocitrate play a significant role 
in prevention of blood clotting in vivo be- 
cause of the small concentration of these sub- 
stances in blood(6). It is possible, however, 
that these intermediates of the Krebs cycle 
might influence the intracellular concentration 
of ionized calcium. This concept would be 
especially important in those tissues, such as 
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nerve and muscle, where small changes in con- 
centration of ionized calcium are known to 
exert profound effects(7). Conversely, in- 
creased concentrations of ionized calcium in 
tissues might influence citric acid cycle me- 
tabolism by complexing with citrate, iso- 
citrate or cis-aconitate thereby interfering 
with enzyme substrate formation. 

Summary. Human blood was incubated 
in vitro with the sodium salts of a number of 
di- and tricarboxylic acids and their effect on 
clotting time was noted. Cis-aconitate, trans- 
aconitate, isocitrate and tricarballylate mark- 
edly increased clotting time of whole blood. 
Prolongation of clotting in the presence of iso- 
citrate and cis-aconitate was dependent upon 
their concentration in blood. The possible 
mode of action of these metabolically active 
compounds and the implications of the find- 
ings were discussed. 


1. Pekelharing, G. A., Untersuchungen iiber das 
Fibrinferment, Amsterdam, 1892. 

2. Bulen, W. A., Varner, J. E., Burrell) Races 
Anal. Chem., 1952, v24, 187. 

3. Natelson, S., Pincus, J. B., Lugovoy, J. K., J. 
Biol. Chem., 1948, v175, 745. 

4. Heinz, K., Angew. Chem., 1949, v61, 256. 

5. Schubert, J., Lindenbaum, A., 
v166, 913. 

6. Frohman, C. E., Orten, J. M., Smith, A. H., 
J. Biol. Chem., 1951, v193, 277. 

7. Heilbrunn, L. V., The Dynamics of Living Pro- 
toplasm, Academic Press, Inc., New York, 1956. 
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Role of Relaxin in Stimulating Mammary Gland Growth in Mice.* (24293) 


HrrosHt Wapat AND CHARLES W. TURNER 
(With technical assistance of Mary E. Powell) 
Department of Dairy Husbandry, University of Missouri, Columbia 


It has been shown that estrogens (EK) will 
stimulate mammary gland duct growth while 
E and progesterone (P) in suitable amounts 
and ratios will stimulate lobule-alveolar 
growth in normal and gonadectomized male 


and female animals(1-6). It has been sug- 


gested that relaxin synergizes with E and P 
in stimulating lobule-alveolar growth in rats 


* Contribution from Mo. Agr. Exp. Sta., Journal 
Series, No. 1879. Approved by Director. 

t Research scholar, Ministry of Education of Jap- 
anese Government. ‘This investigation supported in 
part by grant from Am. Cancer Soe. 
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(7,8) and potentiates estrogen in guinea pigs 
and rabbits(9), but is of little value in mice 
(10). Using mammary gland spreading fac- 
tor as an index of mammary gland growth in 
rats, relaxin and E stimulated a large increase 
of spreading factor, but relaxin was of no 
benefit as an addition to combination of E 
and P. Relaxin alone failed to stimulate 
lobule-alveolar growth(11-13). In analyzing 
the variable observations on the role of re- 
laxin in stimulating mammary lobule-alveolar 
growth, it was noted that relaxin was most 
effective when less than optimal amounts of 
P were administered. In fact, E and relaxin 
alone seemed to be effective(8,13). These 
observations could all be harmonized by the 
theory that injection of E and P stimulates 
endogenous production of relaxin. Relaxin 
thus stimulated acts upon the pituitary to 
stimulate mammogen secretion, resulting in 
mammary lobule-alveolar growth. If this is 
true, then E and relaxin should be as effective 
as E and P in stimulating mammary gland 
growth. Total desoxyribosenucleic acid 
(DNA) of the mammary gland, shown to be 
an improvement in quantitative estimation of 
lobule-alveolar growth(5,14,15,16) has been 
used in the present study to substantiate this 
hypothesis. 


Materials and methods. Since relaxin is 
obtained from sow ovaries, tests were con- 
ducted to insure freedom from progesterone 
contamination in relaxin preparations used. 
None was found, but all relaxin? preparations 
were routinely washed with ether (anhydrous) 
several times as a safeguard. Male albino 
mice (intact and castrated) weighing 16-18 
g were used. To their feed was added 1.23 
mg/kg of diethylstilbestrol for approximately 
4 weeks to stimulate extensive duct system. 
Suspensions of relaxin alone and relaxin in 
combination with estradiol benzoate in 0.1 
ml of olive oil were then administered sub- 
cutaneously daily for 10 days. On 11th day, 
mammary glands were removed from each 
mouse killed by excessive ether anesthesia, 
and 34 of glands were used for DNA deter- 


t Relaxin preparation, 1164A-Lot 53, kindly sup- 
plied by Dr. R. L. Kroc, Chilcott Lab., Morris Plains, 
N. J., assayed 30 GPU/mg. 
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mination(15) and '% reserved for examina- 
tion of whole mounts. After diethylstilbestrol 
pretreatment, one group of mice was hypophy- 
sectomized, then divided into 2 lots, one re- 
ceiving E alone and the other E and relaxin 
for 10 days. 


Results. In previous work it was shown 
that total DNA content of male mice glands 
after 4 weeks of diethylstilbestrol pretreat- 
ment to induce duct growth averaged 1.51 
mg + 0.56 mg. Injection of 0.75 yg estradiol 
benzoate and 0.75 mg progesterone daily for 
10 days increased total DNA of the glands to 
2.28 mg + 0.275 mg representing growth of 
the lobule-alveolar system(15). 


When the same level of estradiol benzoate 
(0.75 wg) was injected with graded levels of 
relaxin in both normal and castrated male 
mice, there was an increase in average total 
DNA (Table I). Optimal level of relaxin 
appears to be 2.5 guinea pig units (GPU). 
Injection of E alone failed to stimulate an in- 
crease in total DNA in intact animals, but in- 
duced a slight increase in total DNA in the 
castrated animals. When relaxin alone was 
injected in graded amounts total DNA re- 
mained stationary throughout entire dosage 
range, though it was clearly higher than those 
injected with olive oil. 

Examination of whole mounts of the mam- 
mary glands revealed extensive growth of the 
lobule-alveolar system in mice receiving E 
and relaxin, whereas those receiving either E 
or relaxin, but not both, showed only duct 
growth. The extent of lobule-alveolar growth 
in various groups was roughly proportional to 
their DNA content. Intact animals injected 
with E and 2.5 GPU relaxin showed the best 
development of lobule-alveolar system, and 
mammary gland growth of some animals in 
this group was equivalent to that at 8 days of 
pregnancy (17). 

Castrated mice injected with relaxin alone 
showed no alveolar growth, whereas those in- 
jected with E showed very slight lobule-alveo- 
lar growth in some cases. With E and 2.5 
GPU relaxin best alveolar growth was ob- 
served. While intact animals showed slightly 
greater total DNA, the possible influence of 
androgen secretion will require further study. 
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TABLE I, Effect of Estrogen and Relaxin on Mammary Alveolar Growth in the Mouse. 


No. of 


Treatment (amt/day ) mice 


Total DNA 
Mean (mg) S.E. 


DNA/mg D.F.F.T.* 
Mean (ug) S.E. 


Intact male 


Control 10 
Olive oil .1 ml 9 
Olive oil + 
Estradiol benzoate 75 wg 23 
E.B. + relaxin 62 GPU 11 
Idem Ua 16 
s 200 18 
x 5.00 ” 16 
Olive oil + relaxin 1.25 ” 8 
Idem 2:50) 9 
x BO 0ker 32 
i 10.00 ” 9 
Olive oil + E.B.+ P .75mg 5 


Castrate male 


Olive oil + 
Estradiol benzoate .75 ug 7 
E.B. + relaxin .62 GPU 5 
Idem Oe 7 
% Pd) 2" 6 
a BOK) 7 
Olive oil + relaxin 5.00 ” 7 


Hypophysectomized male 


Olive oil + 
Estradiol benzoate .75 ug 6 
E.B. + relaxin 2.50 GPU 6 


1.369 088 33.5 1.4 
1.347 130 31.9 1.5 
1.572 047 31.5 1.0 
1.937 091t 37.4 1.4 
1.999 119 38.6 1.4 
2.258 .095t 39.3 1.2 
2.019  .161t 39.4 1.9 
1.775 —-.139§ 36.6 2.3 
1.713 132 42.2 2.2 
1.737 0746 34.8 3.3 
1.626 076 32.3 1.3 
2.278 275 26.5 5.0|| 
1.808 106 26.9 1.5 
1.787 078 28.7 1.7 
1.797 158 29.6 1.4 
2.144 142 31.3 2.2 
1.858 143 32.0 1.3 
1.645 072 32.2 8 
1.477 089 42.9 4.2 
1.708 071 43.2 2.6 


* D.F.F.T. = Dry, fat-free tissue. 
inj. estradiol benzoate .75 yg. 
when compared to group inj. olive oil alone. 


Hypophysectomized male mice treated with 
E showed evidence of slight regression in to- 
tal DNA. When E and 2.5 GPU of relaxin 
were administered, total DNA equaled that of 
E in castrate mice. No lobule-alveolar growth 
was stimulated in these animals. Hypophy- 
sectomized animals injected with combination 
of E and relaxin were somewhat more vigorous 
than those injected with E alone in the later 
half of injection period, and the duct system 
of the former seemed to be more normal in 
comparison to involuted (shriveled) condition 
of the latter. 


Discussion. The present study shows that 
E and relaxin in optimal amounts stimulate 
growth of the mammary lobule-alveolar sys- 
tem of intact and castrate male mice equal to 
that obtained by injection of E and P for 
equal periods(15). Two indices of growth 
were employed, namely, total DNA of the 
glands and visual observation of whole mounts 
to determine type and extent of gland growth. 


+ Significant at 1% level when compared to group 
{ Significant at .1% level. 


§ Significant at 5% level 
|| Data from Damm and Turner(15). 


In absence of the pituitary, E and relaxin are 
without effect upon lobule-alveolar growth. 
These observations confirm previous reports 
that ovarian hormone-relaxin combinations 
are ineffective in hypophysectomized animals 
(7,8). Since relaxin is not effective in hypo- 
physectomized animals, it is not a substitute 
for pituitary mammogen. 

It has been suggested that P acts upon the 
anterior pituitary to stimulate increased secre- 
tion of mammogen(18). Present data sug- 
gest that relaxin may act in this way and 
thereby stimulate lobule-alveolar growth. 

As a tentative theory, it is suggested that 
normal growth of the lobule-alveolar system 
during pregnancy is dependent upon the fol- 
lowing sequence of hormone action. FE and 
P together stimulate the endogenous secretion 
of relaxin. Previous work(19) suggested that 
E alone has a direct local action upon the 
mammary gland area in increasing hyperemia 
and permeability of the vascular system, 
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thereby increasing circulating nutrients and 
hormones available to the mammary gland. 

Relaxin rather than P acts upon the an- 
terior pituitary to stimulate increased secre- 
tion of mammogen. This theory would assign 
P to an indirect role in mammary gland 
growth although it is possible that P and re- 
laxin are equally effective at the pituitary 
level. 

The hormones and glands involved in en- 
dogenous relaxin secretion become of para- 
mount importance if relaxin rather than P 
stimulates pituitary mammogen secretion and 
lobule alveolar growth. Since the growth of 
the mammary gland of male animals is stimu- 
lated by E and P, it would follow that relaxin 
may be secreted in the male although, to date, 
relaxin has not been detected in male animal 
blood following injection of E and P. 

Summary. 1) Using DNA as index of 
mammary gland lobule-alveolar growth in 
intact and castrate male mice, it was shown 
that daily injection of 0.75 wg estradiol ben- 
zoate and 2.5 GPU of relaxin for 10 days 
stimulated increases in DNA equal to that 
produced by the same level of estrogen and 
0.75 mg progesterone. Therefore, relaxin no 
longer need be considered merely a synergist 
of estrogen and progesterone in mammary 
gland growth. 2) Estrogen and relaxin at 
above levels were without effect upon mam- 
mary alveolar growth in hypophysectomized 
mice. Relaxin, therefore, is not comparable 
to pituitary mammogen as a stimulator of 
mammary gland growth. 3) It is suggested 
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estrogen and progesterone stimulate endoge- 
nous secretion of relaxin and relaxin, in turn, 
stimulates increased secretion of mammogen 
by the pituitary. ) 
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Surface Activation of Plasma Clotting: a Function of Hageman Factor.* 
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Cuar_es L. JOHNSTON, JR., JoHN H. FERGUSON AND FrRrEDA A. O’HANLON 
Department of Physiology, University of North Carolina, Chapel Hill 


The influence of surface contact on blood 
clotting has been recognized since the obser- 
vations of Hewson (1770), Lister (1863), and 
Freund (1886). Modern literature contains 


* This investigation was supported by research 
grant from U.S.P.HS., N.1H. 


many experiments which have attempted to 
implicate one or other of the clotting factors. 
Previously, no one explanation of the effect 
seemed adequate. Recent evidence suggests 
that Hageman factor may have a role in sur- 
face phenomena(1,2,3). In this communica- 
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tion, experimental data are presented on 4 
new cases of Hageman trait and other factor 
deficient plasmas, their reaction on exposure 
to asbestos surface, and a comparison of the 
effect of addition of ‘purified’ Hageman factor 
to normal and deficient plasmas. The results 
point to a key role of the Hageman factor in 
surface effects on blood clotting and show that 
other clotting factors are not involved. 


Materials and methods. Normal (N) plas- 
mas were used as fresh, aged (AcG-, 7.e. proac- 
celerin poor), or BaSO, fractions (‘supernate’ 
and ‘eluate’). Preserved (lyophilized or 
frozen at —20°C) plasmas from patients with 
clotting factor deficiencies were obtained from 
our diagnostic laboratory, directed by Dr. 
John B. Graham, operated jointly by Path- 
ology and Physiology departments. These 
comprised a test panel of plasmas and in- 
cluded Hageman deficient (Hag.-), hemo- 
philic (AHF-), Christmas disease (PTC-), 
hypoproconvertinemic (Proc.-), and Stuart 
deficient (Stuart-). The diagnosis of Hage- 
man trait was confirmed by cross match test- 
ing of our first patient’s (L.C.) plasma with 
that of the original Hageman, provided by 
Dr. O. D. Ratnoff. Ratnoff’s technics (3, per- 
sonal communication) were followed in efforts 
to prepare ‘purified’? Hageman factor from 
sera of (A) recalcified, normal, outdated bank 
blood, (N) fresh normal, and (H and I) 2 
Hageman trait cases, A.M. and J.I.t Asbestos 
powder was prepared and used as follows: 
asbestos (Baker’s medium-fiber, acid washed) 
was powdered under water in a Waring 
Blendor, water removed by suction filtration, 
and residue dried at 200°F. After drying, 
clumps were reduced with mortar and pestle. 
The product was a reasonably uniform, gray- 
ish-white powder. Thirty mg were added to 
1 ml of various plasmas, and agitated at in- 
tervals for 30 minutes at room temperature. 
The supernate, recovered by centrifugation, 
was designated treated or activated.  Pre- 
liminary tests showed no further effects on in- 
creasing either amount of asbestos or contact 
time. Several clotting tests, some with modi- 


+ Blood from this patient was made available 
through the courtesy of Dr. A. I. Chernoff, Vet. Adm. 
Hosp., Durham, N. C. 


TABLE I. Asbestos Treatment—Normal Plasma. 
7 test systems. Clotting-times, sec., 37°C. 


Test system Untreated Treated 


Partial thromboplastin time 75.5 60 
Gea wayyy 

Prothrombin time (PT) anf 10.7 

Standard proconvertin 18.5 13.8 

Modified ef 107.0 66.4 

Stypven time 16.8 17.3 

Specific one-stage prothrombin 22.9 22.7 
% ‘ proaccelerin 25.0 26.3 


fication, were used to see if, independent of 
their original purpose, they could serve the 
needs of our inquiry. These tests, one-stage 
systems, timed clotting at 37°C on addition 
of a thromboplastic agent and calcium to 
test plasma (or mixture). The prothrombin 
time (PT) test using 0.1 ml plasma, 0.1 ml 
thromboplastin and 0.1 ml 0.02 M CaCl» 
was the prototype. Plasma mixtures with 
appropriate factor-free substrates were used 
in specific assays(4) for prothrombin, pro- 
accelerin, or proconvertin and/or Stuart 
factor. We used a saline extract of ace- 
tone dried human brain powder as throm- 
boplastin. When cephalin, obtained by 
chloroform extraction of the human brain 
powder, was substituted for thromboplastin, 
the PT was converted into the partial throm- 
boplastin time test (PTT) (5) and the stand- 
ard proconvertin assay into a ‘modified’ pro- 
convertin assay. The Stypven time used 
Russell’s viper venom as the thromboplastic 
agent. In the new uses, the test system ter- 
minology was for identification and no longer 
had the original significance. 


Results. Asbestos activation. Table I 
shows representative results obtained when 
normal human plasma was exposed to pow- 
dered asbestos. Clotting-times shorter than 
controls were obtained in 4 of 7 test systems. 
No significant alteration was noted in 3 as- 
says. Similar results were obtained with bo- 
vine plasma and oxalate or citrate as anti- 
coagulant. Shortening of test clotting-times 
will be referred to as plasma activation by 
surface action of asbestos. 

The plasma panel was tested for asbestos 
activation by the standard and modified pro- 
convertin assays. Table II shows that 
no significant change in lyophilized Hag.- 
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TABLE II. Asbestos Treatment—Various Plasmas. 

Clotting-times, see., 37°C, in 2 types of test, (a) 

before and (b) after asbestos treatment of plas- 
mas. 


=O __ 
Standard Modified 
proconvertin test proconvertin test 
Plasma (a) (b) (a) (b) 
tested Untreated Treated Untreated Treated 
Normal 18.5 13.8 107.0 66.4 
Hag.- 24.4 24.2 185.7 185.5 
AHF- 16.6 14.9 108.4 85.4 
PTC- 22.0 19.4 98.8 70.9 
AcG- 16.6 15.4 101.0 87.4 
Stuart- 97.9 73.9 183.0 143.5 
Proe.- 113.9 88.6 130.0 92.1 


plasma resulted from such treatment. How- 
ever, all other plasmas showed some degree 
of shortening (acceleration) of post-treatment 
clotting-times. 

The response of normal BaSO, fractions to 
asbestos was studied. These fractions and 
Hag.- were treated separately, then mixed, as- 
sayed by the 2 proconvertin tests, and com- 
pared with untreated mixtures. The eluate 
was not activated when tested either alone or 
mixed with Hag.-. BaSO, treatment removed 
proconvertin and Stuart factor to which these 
assays were sensitive; hence, the supernate 
alone did not give measurable clotting-times. 
However, the mixture of treated supernate 
and Hag.- gave times shorter than the un- 
treated control. This shortening resulted from 
treatment of the supernate, since Hag.- alone 
(Table IT) was not activated. These data in- 
dicated that some plasma factor, present in 
normal plasma, not adsorbed by BaSO,, and 
lacking in Hag.- was responsible for surface 
activation. We have been unable to confirm 
that a “small amount” of Hageman factor 
may be adsorbed(3). 

Table III shows PTT data for control sub- 
strate clotting-times and equal volume mix- 


199 


tures of substrate and untreated test plasmas. 
Asbestos treated normal plasma shortened 
clotting-times more than untreated normal 
when mixed with all substrate plasmas. 
Treated Hag.- did not additionally shorten 
any substrate clotting-time below pretreat- 
ment levels. Indeed, in some instances there 
was lengthening instead of shortening; this is 
being investigated. Minor secondary clotting 
factor deficiencies are represented in Table 
ITI by failure of untreated normal to correct 
completely deficiencies in substrate plasmas. 
These do not preclude reaching the signifi- 
cant conclusion that Hageman factor deficient 
plasma fails to be activated by asbestos. 

To show that the noted phenomena were 
unrelated to storage and manipulation of 
panel plasmas, fresh normal, AHF-, and Hag.- 
plasmas were obtained and tested immedi- 
ately. Prothrombin time (PT) and partial 
thromboplastin time (PTT) test were used. 
There was failure of Hag.- to be activated: 
PT 12.1” before, 12.2” after treatment and 
PTT 286” before, 319” after treatment. The 
other 2 samples showed activation: AHF-: 
PT 12.3” before, 10.6” after treatment and 
PTT 216” before, 157” after treatment; nor- 
mal: PT 12.4” before, 8.8” after treatment 
and PTT 92” before, 60” after treatment. 
Thus, freshly obtained materials reacted to 
asbestos in the same manner as the stored, and 
the noted minor secondary deficiencies were 
not part of the phenomenon. Since PT data 
on stored plasmas were of questionable sig- 
nificance, these fresh plasmas gave the best 
evidence that surface activation influenced 
the PT test. Only minor differences were 
noted when silicone was used to minimize ini- 
tial surface effects. 

Effects of purified Hageman factor prepa- 


TABLE III. Effect of Asbestos Treatment on Normal and Hageman Deficient Plasmas: PTT 
Controls for Substrate Plasmas, and Mixtures of Equal Parts Test and Substrate Plasmas, be- 
fore and after Treatment. Clotting-times, sec., 37°C. 


Substrate plasma 


BaSO, 
Test plasma Normal AHF- PTC- Hag.- Stuart- Proc. AcG- supernate 
Substrate, untreated 75.5 212 488 860 291 115.5 442 
Normal, 4 75.5 80.2 172 118.2 107.6 124.2 87.2 91.4 
Normal, treated 60.0 74.2 102 100 90.8 90.6 70.0 73.0 
Hag.-, untreated 122.4 89.6 212 860 210.8 157.0 136.7 140.7 
Hag.-, treated 125.0 91.5 434 825 241.6 172 140.8 150.0 
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TABLE IV. Tests of ‘‘ Purified’? Hageman Fac- 
tor Preparation (N) and (H): Results of Addition 
to Normal and Hag.- Plasmas. Clotting-times, sece., 


SY AGE 
Test material 
.09 ee .O1 ee IPAM 
Oxalated normal + Barb.-sal. buffer 79.8 
INE KGlei ) 39.0 
ETE (nye) 84.3 
Ns 0) 60.4 
re 2) 91.8 
Hag.- (L.C.) -+ Barb.-sal. buffer 402 
Oxalated normal 140.0 
INI alii) 91.4 
EL See (ae 2igp) 313 


rations. Addition, in 10% volume, of vary- 
ing dilutions of purified preparation (A) to 
normal plasma resulted in PTT shortening, 
which was marked on addition of undiluted 
(1:1) material, and demonstrable at 1:100 
but not 1:200 dilution. The normal plasma 
presumably had adequate Hageman factor, so 
that these results indicated: a) a highly po- 
tent concentrate, and b) no evidence of opti- 
mum for Hageman factor. 


Table IV compared addition of purified 
preparations (N) and (H) to normal and 
Hag.- plasmas. (N) markedly accelerated 
both. However, (H) was ineffective when 
added to normal and had only minimal effect 
on the Hag.-, despite the fact that the anti- 
cipated concentration of any Hageman factor 
present should have been 100x (see above). 
When compared with addition of an equiva- 
lent volume of normal plasma, (H) contained 
only a trace of Hageman factor. Similar data 
were obtained with (1). 

Table V gives additional evidence that (H) 
was inactive, since it failed to shorten sub- 
strate plasma clotting-times. _ Comparably, 
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(N) shortened clotting-times of all substrate 
plasmas. Another important conclusion is 
that purified preparations did not contain 
factors other than the Hageman factor, since 
no shortening was noted in any of the de- 
ficient substrates. Thus, similarity of action 
of the purified preparation to asbestos acti- 
vated plasma (Table III, V), must be due to 
the presence or absence of Hageman factor. 


Discussion. Asbestos treatment produced 
“activation” (clotting-times shorter than con- 
trols in several test systems) in all plasmas 
or fractions tested except those lacking Hage- 
man factor. Since ‘purified’ Hageman factor 
preparations from normals, but not Hageman 
trait patients, mimicked this clotting-time 
shortening, it is concluded that Hageman fac- 
tor is responsible for the phenomenon. 


These data permit a new look at previously 
published work suggesting that other clotting 
factors are responsible for surface activation 
of plasma. Alexander(6) summarized the 
platelet role . . . “Precisely which clotting fac- 
tor (or factors) is directly influenced by sur- 
face is far from clear. Contrary to earlier 
opinion, it appears that it is not the plate- 
lets.” Indeed our earlier work showed sur- 
face effects in completely platelet-free plasma 
(7). Those clotting factors most usually 
held responsible for surface activation of 
plasma were PTC and proconvertin. Our 
data showed surface activity in plasma lack- 
ing these factors, but containing Hageman 
factor. Similarly, others(1,2) showed that 
plasmas lacking either or both PTC and pro- 
convertin had surface activity. Shafrir and 
de Vries(2) showed activity in plasma devoid 
of AHF, PTC, prothrombin, proconvertin, and 
fibrinogen. We confirmed and extended this 


TABLE V. Tests of ‘‘ Purified’? Hageman Factor Preparations (N) and (H): Partial Throm- 


boplastin Testing of .01 ce Test Material and .09 ee Plasma Substrate. 


Clotting times, sec., 


37°C. 
Substrate 
Test material Normal AHF- PTC- Hag.- Stuart- Proe.- 
Barb.-sal. buffer 85.2 156.0 253 234.0 342.6 129.0 
Normal plasma 82.2 102.8 159 178.6 159.2 115.4 
N (1:10) 69.1 135.4 234 131.4 307.0 125.4 
H (ome B) 81.2 156.0 276 253.3 334.2 132.7 
N (enigak a) 44.2 91.8 179 75.8 182.0 79.6 
H (Cmca) 81.1 131.8 
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latter finding and showed in addition that, as 
implied by Ratnoff and Margolius(3), surface 
activation is activation of Hageman factor. 
Finally, by use of purified Hageman factor de- 
void of other clotting factors, we mimicked 
the clot acceleratory activity of asbestos treat- 
ment. Comparable preparations from Hage- 
man trait patients were inactive. 

Removal of an inhibitor must be considered 
as an alternative explanation of our data. 
Shafrir and de Vries(2) believed that an in- 
hibitor was not adsorbed onto glass. We did 
not feel that asbestos removed an inhibitor, 
Since: 1) treated Hageman deficient plasma 
did not shorten clotting-times of plasmas con- 
taining Hageman factor (Table III); 2) as- 
bestos treatment was mimicked by positive 
factor addition (Tables III, V); 3) there 
may have been increased inhibition which re- 
sulted from asbestos treatment (Table III). 

Thus, surface contact may be said to result 
in Hageman factor activation. In its ab- 
sence, no activation is noted. The failure of 
asbestos to activate plasma lacking Hageman 
factor suggests a presumptive test for Hage- 
man trait diagnosis. 

Summary. 1. Asbestos treatment of plasma 
produced activation (clotting-time accelera- 


Metabolism of Sr in Adult Beagle Dogs.* 


Betsy J. STOVER AND Davip R. ATHERTON 
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tion) in normal and AHF, PTC, proconvertin, 
prothrombin, proaccelerin and Stuart de- 
ficient plasmas. Hageman deficient plasma 
was not activated by comparable treatment. 
2. Purified Hageman factor preparations from 
normal sera simulated activation, whereas 
preparations from sera of Hageman trait pa- 
tients were inactive in the same test system. 
3. The phenomenon of surface activation re- 
sulted from Hageman factor activation and 
was not due to inhibitor adsorption. 4. As- 
bestos treatment of plasma may be used as a 
presumptive test for Hageman trait. 
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(Introduced by T. F. Dougherty) 


Radiobiology Laboratory, University of Utah, Salt Lake City 


This study of Sr® metabolism is part of a 
large program to compare the chronic toxici- 
ties of Ra2*, Pu?39, Ra??8(MsTh), Th??8 
(RdTh), and Sr® in young adult beagle dogs. 
The experimental design, especially relation- 
ship of dose levels to maximum permissible 
and natural levels in man, has been described 
(1). The basic plan is to compare the effects 
of these radioactive isotopes in a larger, 
longer-lived animal (the dog) than is usually 
used in the laboratory; then to use this infor- 
mation in conjunction with the knowledge of 
radium poisoning in humans to reappraise 


* Supported by the U. S. Atomic Energy Comm. 


maximum permissible levels for other iso- 
topes. To correlate the biological effects with 
radiation dose, a detailed knowledge of the 
metabolism of each radioisotope is needed. 


Methods. Sr®®, with its daughter Y°° in equi- 
librium, in a citrate buffer solution of pH = 
3.5, was given in single intravenous injection. 
Injected doses ranged from 0.56 to 100 pc/ 
kg; duplicate doses served as injection stand- 
ards. The beagle dogs, healthy young adults 
16 to 17 months old, during the excretion 
study were housed in stainless steel metabo- 
lism cages, with perforated floors which per- 
mit urine to drain into plastic bottles so that 
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there is good separation of urine and feces. 
Urines were wet ashed with HNO;; feces were 
incinerated in a muffle furnace, then digested 
with HNO;. At a time to insure Sr®® — Y® 
equilibrium, 1 ml aliquots of ashed excreta 
samples were measured using a well-type plas- 
tic scintillator to detect the beta particles. 
There are 2 important factors to consider in 
using this beta detector, which is similar to 
that described by Hine and coworkers(2). 
The first is geometry, for detector response 
decreases as source is moved from bottom to 
top of the well: i.e., count rate of 3 ml of a 
given solution is less than 3 times the count 
rate of 1 ml of the same solution. Fortu- 
nately, the polyethylene tubes used are quite 
uniform (0.16 cm wall, 0.82 cm inside di- 
ameter), and the geometry problem is solved 
by using a constant volume. The second fac- 
tor is self-absorption. The Sr® standards are 
dilute solutions of essentially unit density 
(density of plasma is also approximately one), 
but densities of ashed excreta samples are 
greater and the effect is significant. Poly- 
ethylene tubes and liner of scintillator well 
are sufficiently thick to stop all Sr®° betas, so 
we are actually measuring Y®. Detection ef- 
ficiency for 1 ml sample of unit density is 
about 0.14 count/Y®° disintegration. Increas- 
ing density to 1.5 g/ml decreases efficiency to 
0.10 count/Y® disintegration, so that a self- 
absorption correction must be made. If ab- 
sorption of the betas is represented by an ex- 
ponential law, the effect of density on detec- 
tion efficiency, E, is given approximately by 

= ¢;/d (1 — e 24) (eq. 1), where d is 
density and c; and cz are constants. Expand- 
ing the exponential gives the following ap- 
proximate but adequate expression, E = cs — 
cad (eq. 2). To determine cz and cy experi- 
TABLE I. Twenty-Two Days Cumulative Sr® Ex- 

cretion. 


Inj.dose Inj.age-Feeal Urinary Total 


(ue/kg) (mo) ——(% dose)——,  SF/>U 
593 16 30.3 27.3 57.6 Heil 
1.74 tg 30.2 29.9 60.1 1.01 
3.49 4 32.2 26.6 58.8 1.21 
Na epee 17 41.1 26.3 67.4 1.56 
33.2 : 34.3 20.7 55.0 1.65 
105. xd 39.6 24.7 64.3 1.60 
Avg 16.5 34.6 25.9 60.5 1.34 
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FIG. 1. Retention of Sr® by young adult beagles 
following a single intray. inj. 
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mentally, quadruplicate samples were pre- 
pared which contained constant amounts of 
Sr®° and Y°° in constant volumes of solutions 
of varying density, and count rates were de- 
termined. The resulting equation, arbitrarily 
setting E,: = 1 when. d= 1, is E = fog 
0.59 d (eq. 3). Blood for the plasma concen- 
tration study was heparinized. Soon after 
injection the Sr®° in 1 ml of plasma could be 
determined directly. As plasma concentra- 
tion decreased, it became necessary to concen- 
trate the Sr® from a larger volume of plasma 
by co-precipitation with CaCsOx4. 

Results. Excretion. Results for each dog 
are summarized in Table I. Urinary and fecal 
excretion are nearly equal; average total fecal 
excretion is 1.34 times average total urinary 
excretion, and average of individual fecal to 
urinary ratios is 1.48. There is no apparent 
dose level effect. 

Since this is a continuous excretion study 
of short duration, the most meaningful pre- 
sentation of excretion measurements is to cal- 
culate retention from cumulative excretion. 
This has been done for t = 1 through t = 
22 days, and the resulting retention data (Fig. 
1)t can be described by a power function. 
The following equation for retention, R, (% 
dose) was obtained by applying the method of 
least squares to logarithms of the data,} (t 
in days), R = 70.9 t--19 (eq. 4). 


+ Indication of a slightly greater slope from day 
1 to 4 undoubtedly results from the inherent lag in 
fecal excretion, which has a significant effect only 
during initial high excretion period. 

{ Subsequent equations were calculated by the 
same method. 
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FIG. 2. Plasma concentration of Sr® during first 


day following inj. 


Plasma concentration. Following intra- 
venous injection of soluble Sr®*°, plasma con- 
centration, as shown in Fig. 2 and 3, decreases 
rapidly during the first day and continues to 
decrease through 2 years after injection. To 
facilitate mathematical treatment, the first 
day’s data and those from one day on were 
treated separately. Each set can be described 
by a power function as follows: 


e— 0114 °°", t = 1 day, (eq. 5) 
fo 5.03 x 10° t-7*, t = 1 day; (eq. 6) 


where P, and P» are % dose/g plasma, t; is 
minutes and ts is days after injection. From 
these equations and the average total plasma 
volume of 450 ml,(3) the per cent dose cir- 
culating at any time t after injection can be 
calculated. 

Discussion. Norris and coworkers(4) have 
used a power function to describe retention of 
alkaline earth radium in man, and many other 
studies, (e.g.,(1)), have demonstrated the 
general usefulness of this treatment for reten- 
tion of alkaline earths in various species. The 
derivative with respect to time of retention 
function should be equal to excretion rate and 
proportional to plasma concentration. Com- 
paring exponents of equations (4) and (6) we 
observe the expected relationship.’ Since 
plasma measurements extend over a longer 
period, the agreement between plasma and re- 


§ Actually, plasma concentration decreases a little 
more rapidly than expected from the derivative of 
equation(4), which suggests that some of the late 
plasma values are low. 


203 


tention functions shows that the retention 
function can be extrapolated without intro- 
ducing serious error. As further verification, 
C. W. Mays(5) of this laboratory has deter- 
mined Sr°° retention directly by measuring 
bremsstrahlung. His data extend to 3 years 
after injection and his result is very similar 
to equation(4). 

An extensive study of radium metabolism in 
young adult beagle dogs has also been made 
at this laboratory(1). Since both groups of 
dogs were essentially the same age at injec- 
tion, live in the same environment, and have 
about the same diet, a reliable metabolic com- 
parison of Sr°° and Ra??6 can be made. Re- 
tention, plasma, and excretion results are sum- 
marized in Table II. There is a significant 
difference in retention. Retention of Sr®® is 
slightly less than that of Ra®?°, but, most in- 
terestingly, both decrease at the same rate. 
During the first day plasma strontium de- 
creases less rapidly than does radium, at one 
day strontium is about twice that of radium, 
and thereafter they decrease at the same rate 
maintaining a ratio of two. Although the fe- 
cal to urinary excretion ratio is greater for 
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TABLE IL. Comparison of Sr® and Ra”. 


Measurement sre Ra”6 Units 
Retention Gelntae HD Ve % dose, days 
First day plasma concentration lela? OO Zire % dose/g, min. 
Later plasma concentration SLOG ml Ones ee PK oy < NI i ae % dose/g, days 
Fecal to urinary excretion ratio 1.4 2.5 


radium, the beagle kidney actually excretes 
radium more effectively than strontium. 
Renal clearances calculated from data of 
Table II are 1180 g plasma/day for Sr®° and 
1690 for Ra?*°. Similarly, we calculate that 
daily Sr®® excretion is 6.5 times the amount 
in plasma, while 13.5 times the plasma Ra?® 
is excreted. Thus, excretory mechanisms 
function more effectively for radium, yet ra- 
dium retention is higher. This results of 
course from the higher Sr®® plasma concen- 
trations, especially during the period soon 
after injection, when excretion rate is highest. 
Although Sr®° is not excreted quite as effec- 
tively, more is available to be excreted with 
the net effect that more Sr® than Ra? is 
excreted. 

Higher Sr°° plasma concentrations can re- 
sult from several factors. Less efficient excre- 
tion is one, but from the above discussion it 
cannot be the principal one or strontium re- 
tention would be higher. A second possible 
factor is that a larger fraction of plasma Sr®° 
exists as complexes with proteins and the 
various anions. (Since strontium ion is 
smaller than radium ion, it should form 
stronger complexes.) Our preliminary results, 
using a double tracer technic indicate that a 
significantly smaller fraction of plasma Sr®° 
is diffusible. The third possibility is greater 
re-exchange of Sr®® from bone to body fluids. 
These 3 factors, excretion efficiency, protein 
complexing, and extent of re-exchange, reflect 
the chemical difference between radium and 
strontium and most probably account for the 
observed metabolic differences. 

Although in the above discussion we have 
emphasized the differences, the 2 isotopes ac- 
tually are very similar metabolically. Both 
are chemically like calcium and deposit almost 
exclusively in the skeleton; the retention equa- 
tions show the same dependence on time as 
do the late plasma equations. Since we have 
observed chemically related differences, the 


common time dependence leads us to specu- 
late that the principal factor affecting time 
dependence is the overall skeletal metabolism 
(exchange and remodelling). Small chemical 
differences affect details of the metabolism, 
while normal skeletal processes involving cal- 
cium are controlling factors in the main as- 
pects of metabolism of these 2 isotopes. If 
this is so, then similar studies with calcium 
and barium should give power functions with 
the same exponents but different coefficients. 

Since we have shown previously(6) that 
Y® produced in vivo from decay of Sr® in 
the skeleton does not translocate to any sig- 
nificant extent, the retention equation(4) can 
be used to calculate the average dose rate to 
the skeleton and other tissues within the range 
of the beta particles. 

Summary. 1. Retention and plasma con- 
centration of Sr®’ in young adult beagle dogs 
have been determined for 2 years following a 
single intravenous injection. Retention (% 
dose) follows the power function (t in days) 
R = 70.9 t®-198. 2. Comparison of these re- 
sults with those from similar studies with 
Ra**6 shows the anticipated similarity in 
metabolism of Sr?® and Ra??°. However, 
there are real differences. Sr®° retention is 
less than that of Ra??° even though Ra?” is 
excreted more efficiently. This results from 
higher Sr®® plasma concentration. 3. Since 
Sr°° deposits mainly in the skeleton and its 
daughter Y°° does not translocate, this reten- 
tion equation can be used to calculate aver- 
age skeletal dose rates for these dogs. 
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The Inactivation of Newcastle Disease Virus Hemolysin by Antiserum and 


High-Energy Electrons.* 


(24296) 


Dwicur E. Wirson (Introduced by Robert R. Wagner) 


Department of Biology, Rensselaer Polytechnic Institute, Troy, N. Y. 


Previous studies on the hemolysin of New- 
castle Disease Virus (NDV) have shown that 
this property is influenced by the physical 
treatment of the virus(1), is inhibited by 
calcium ions(2), and is dependent on pH and 
the temperature of incubation(3). Radiation 
studies on NDV(4) have shown that there 
are about 15 hemolysin units per virus and 
that the form of these units is probably a flat 
plate 100-140 A in radius and 20 A thick. 
The experiments described here are concerned 
with the mechanism of action of the NDV 
hemolysin. The results of Dulbecco et al. 
(5) and Rubin and Franklin(6) indicate that 
study of virus neutralization by antibody may 
yield valuable information on structure and 
components of the virus. Inhibition of the 
hemolysin by antiserum and inactivation by 
high-energy electrons were studied. 

Methods. The 87909 strain of NDV was 
used throughout these studies. High titer 
virus stocks were prepared by inoculating 
fertile chicken eggs on the tenth day of incu- 
bation with about 107 NDV particles. After 
30 hours of incubation the infected eggs were 
chilled to 4°C and the allantoic fluid was 
harvested. Infected allantoic fluid was then 
centrifuged for 30 minutes at 30,000 g in a 
Servall SS-1 centrifuge at 4°C. The virus 
deposit was resuspended in isotonic saline con- 
taining 2% sodium citrate and stored at 4°C 
until used. Virus assays. In the hemagglu- 
tinin assay, serial 2-fold dilution of virus in 


* Aided by a grant from the John A. Hartford 
Foundation. This work was performed at the John 
A. Hartford Memorial Research Center, Department 
of Biophysics, Yale University, Valhalla, N. Ve 


citrate saline were added to .2 ml of a 4% 
suspension of washed chicken red blood cells 
(rbc). The highest dilution of virus showing 
agglutination was scored as the endpoint. All 
virus samples to be used for hemolysin assays 
were first dried in citrate saline and resus- 
pended in the same medium. This drying is 
similar in effect to freezing and thawing and 
increased the hemolysin titer of the virus 
preparations about 50-fold. Hemolysin titra- 
tions were performed in two ways. The total 
hemolysis assay was adapted from Granoff 
and Henle(1). 1.0 ml of a virus suspension 
was placed in a test tube with 1.0 ml of 
washed rbc in citrate saline (pH 7.2). This 
mixture was incubated at 37°C for one hour, 
then 1.0 ml of cold phosphate buffered saline 
(pbs) was added to stop the reaction. Rbc 
were removed by centrifugation and optical 
density of the supernatant fluid was measured 
at 540 mu. One tube containing rbe but not 
virus was used to balance the spectrophoto- 
meter and thus eliminate the effect of spon- 
taneous hemolysis. In another tube distilled 
water was added to give 100% hemolysis. 
The percent hemolysis for each sample was 
then calculated from the optical densities. 
The hemolysis rate assay is a modification of 
the total hemolysis assay. 1.0 ml aliquots of 
a virus suspension were mixed with 1.0 ml of 
a 1% suspension of washed rbc and incubated 
at 37°C. The hemolysis reaction was allowed 
to proceed in different tubes for 1, 2, and 3 
minutes, then stopped by addition of 2 ml of 
cold pbs. Rbc were removed by centrifuga- 
tion and optical density of the supernatant 
fluid was measured at 540 mp. Rate of he- 
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TABLE I. Total Hemolysis Assay. 


Relative virus Optical 
concentration density % hemolysis 
1.0 420 100% 

8 400 96 
6 370 88 
4 322 77 
2 240 57 
ol 188 45 
08 .160 38 
06 138 34 
.04 -107 26 
02 .078 19 
OL .046 ns 

Distilled water  .420 100 


Virus preparation contained about 1000 hemag- 
glutinin units/ml before dilution. 


molysis was determined by plotting percent 
hemolysis at each time and calculating per- 
cent hemolysis per minute. 

Neutralization by antiserum. 1.0 ml of a 
diluted chicken antiserum against NDV (con- 
taining about 400 hemagglutinin inhibiting 
serum equivalents/ml) was added to 1.0 ml 
of a virus suspension and incubated for one 
hour at 37°C. Aliquots of this mixture were 
then tested for hemagglutinin and hemolytic 
activity by the methods described above. 
Electron irradiation. Virus samples for ir- 
radiation were prepared by pipetting .05 ml 
of high-titer virus on % inch diameter round 
glass cover-slips. These samples were then 
dried in a vacuum desiccator. Dry samples 
were irradiated in vacuum with various doses 
of 1.0 mev electrons which were produced by 
a High Voltage Engineering Van de Graaff 
generator. Electron beam currents were 
measured with a microammeter and electron 
beam areas were determined by irradiating 
a piece of osilid paper placed in the sample 
position and measuring the exposed area of 
the paper. From the known beam area, beam 
current, and duration of irradiation, the dose 
given each sample was calculated in elec- 
trons/cm*. Irradiated samples were resus- 
pended in citrate saline and assayed as de- 
scribed above. 

Results. Table I gives data for the total 
hemolysis assay. Percent hemolysis rises with 
increasing virus concentration and approaches 
a maximum of 100% hemolysis at a virus con- 
centration of about 1000 hemagglutinin units / 
ml, This result is similar to that obtained by 
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Granoff and Henle(1), but differs from that 
obtained by Sagik and Levine(3), who found 
that percent hemolysis decreased with in- — 
creasing virus concentration at pH 5.9-7.7. 
The latter result was probably due to the fact 
that their virus preparation contained suffi- 
cient calcium ion to inhibit the hemolysis 
process. A plot of the data from Table I was 
used as a standard curve for total hemolysis 
assay. 

The percent hemolysis for a given virus 
concentration increases linearly with time for 
the first 5 minutes of incubation, then begins 
to level off. The slope of the straight line 
portion of this curve is proportional to the 
virus concentration over a wide range of val- 
ues (Table II). In the hemolysis rate assay, 
the percent hemolysis per minute was meas- 
ured and a plot of the data of Table II was 
used as a standard curve for the assay. 

Fig. 1 shows the effect of antiserum on 
hemagglutinin and hemolysin of NDV. The 
percent of active virus hemagglutinin or he- 
molysin remaining after incubation with anti- 
serum is plotted vs. the antiserum concentra- 
tion in serum equivalents. One serum equiva- 
lent is the antiserum concentration which re- 
duces the virus titer to 37% of the controls 
(5) and corresponds to a concentration of one 
antibody molecule per virus particle, assum- 
ing neutralization to be a monomolecular re- 
action. Both of these curves show the same 
rate of neutralization and are “single hit,” i.e. 
1 antibody molecule is sufficient to inactivate 
either property. 

Inactivation of the NDV hemolysin with 
1.0 mev electrons using the hemolysis rate 
assay is shown in Fig. 2. The percent hemo- 
lytic activity is plotted vs. the electron dose. 
This single hit inactivation curve may be rep- 
resented by the equation 


TABLE II. Hemolysis Rate Assay. 


% hemolysis at 
Relative virus - 


— % hemo- 


concentration 1Jmin, 2min. 3min. — lysis/min. 
100 19 37 51 19 
84 15 25 46 15 
67 10 24 30 11.3 
50 8 20 30 atl 
33 6 11 16 6 
17 2.8 4 6 2.3 
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a HEMOLYSIN 


© HEMAGGLUTININ 


% SURVIVAL 


SERUM EQUIVALENTS 


Inhibition of NDV hemagglutinin and 
hemolysin by antiserum. 


Wie os B 


N/No — e¥ > 

where N/No is the surviving fraction after an 
electron dose D, and V is the radiation sensi- 
tive volume of the hemolysin unit. The inac- 
tivation volume found is 4x10% cm* which 
corresponds to a molecular weight of 310,000 
for the hemolysin unit. For details of the cal- 
culation of molecular weights from radiation 
data see Pollard et al.(7). 

Inactivation of the NDV hemolysin by 1.0 


% HEMOLYTIC RATE 


NDV HEMOLYSIN 


6 10 12x10 


4 oe 
ELECTRONS/CM 


FIG. 2. Inactivation of NDV hemolysin by 1.9 
mey electrons using hemolysis rate assay. 
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mev electrons using the total hemolysis assay 
is shown in Fig. 3. The multiple hit inactiva- 
tion curve may be represented by the equa- 
tion 

N/No = 1 = (1] eVD)M 
where M is the number of hemolysin units per 
virus. From the slope of the curve in Fig. 3, 


- 
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= 
2) 
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= 
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x 
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ELECTRONS/ GM 
FIG. 3. Inactivation of NDV hemolysin by 1.0 


mey electrons using total hemolysis assay. 


V = 4.8(10)'® cm* which corresponds to a 
molecular weight of 370,000, and average 
value of multiplicity in these experiments was 
14 + 5. A similar result was obtained in 
previous studies on the NDV _ hemolysin(4) 
which indicated that there are 15 + 3 he- 
molysin units per virus. 

Discussion. 1.0 mevy electrons produce 
ionizations along their paths about every 4000 
A. When an ionization occurs inside a he- 
molysin unit on the virus, chemical bonds in 
the molecule or molecules making up this unit 
are broken and the hemolysin unit is no longer 
able to function. From the shape of the curve 
in Fig. 3 it can be seen that electron inactiva- 
tion of one or 2 hemolysin units does not de- 
stroy hemolytic activity, but that all 15 units 
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must be inactivated before this activity is 
lost. Thus only one intact hemolysin unit 
per virus particle is necessary for the virus to 
be able to lyse rbc. 

In Fig. 2, reduction of rate of hemolysis by 
NDV is seen to be proportional to dose of 
radiation and is single hit. Rate of hemoly- 
sis depends on number of intact hemolysin 
units per virus particle and although a virus 
particle with only one intact hemolysin unit 
can lyse rbc, it does so at a much slower rate 
than a virus with 15 intact hemolysin units. 

The results of neutralization of the NDV 
hemagglutinin and hemolysin by antiserum 
(Fig. 1) indicate that either process is inac- 
tivated by adsorption of one antibody mole- 
cule per virus particle. Since the NDV he- 
magglutinin is presumed to reside in two sites 
on opposite sides of the virus, it is not sur- 
prising that one antibody molecule adsorbed 
to one virus particle renders it unable to ag- 
glutinate rbc. It is, however, surprising that 
the hemolysin unit is inhibited by only one 
antibody molecule per virus particle. It is 
possible that the 15 hemolysin units are clus- 
tered together in such a way that the attach- 
ment of one antibody molecule to any one 
hemolysin unit makes it impossible for the 
other 14 to function. This seems unlikely 
since it has been estimated that about 10-20% 
of the total surface area of the virus particle 
is covered by the hemolsyin units(4). It is 
also possible that the virus possesses a single 
attachment site for the rbc which is not as- 
sociated with the hemolysin units. Thus ad- 
sorption of one antibody molecule to this at- 
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tachment might then inhibit hemolysis by 
preventing attachment of the virus to the red 
cell surface. Rubin and Franklin(6) observed 
that NDV possesses between 2 and 3 such 
attachment sites for the host cell although 
only one antibody molecule adsorbed to the 
virus particle will inhibit the process of in- 
fection and plaque formation. It would seem 
that NDV has several different attachment 
sites which serve different purposes and act 
on different cell receptors. 

Summary. The NDV hemolysin is shown 
to be inactivated by a single antibody mole- 
cule per virus. Electron irradiation of NDV 
indicates that rate of hemolysis of rbe de- 
pends on number of intact hemolysin units 
per virus, whereas ability to lyse rbc, given 
sufficient time, depends on the presence of 
only one intact hemolysin unit per virus. 


I wish to thank Dr. J. F. McCrea for his helpful 
advice and for the antiserum used in these experi- 
ments. The 87909 NDV strain was obtained from 
Dr. C. R. Woese. 
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Enhancement of Tetracycline Serum Levels with Glucosamine Hydro- 
chloride as Adjuvant. Cross-over Studies in Beagle Dogs. (24297) 


ARTHUR R. ENGLISH 
Bacteriology Laboratory, Pfizer Therapeutic Institute, Maywood, N. J. 


In the effort to achieve greater serum con- 
centrations of antibiotics after oral adminis- 
tration, most research has centered on chemi- 
cal modification of the antibiotic or the use 
of adjuvants. As an example of the latter, 
Carlozzi has shown that serum levels of tetra- 


cycline* in man were enhanced after oral ad- 
ministration by the use of the amino sugar, D- 
glucosamine as an adjuvant(1). Data on se- 
rum concentrations after oral administration 


* Registered trade mark of Chas. Pfizer and Co., 
for tetracycline is Tetracyn. 
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TABLE I. Tetracycline Hydrochloride plus Glucosamine Hydrochloride and Tetracycline Hy- 


drochloride, 


Comparison of serum concentrations after oral administration in a cross-over 


experiment in 40 beagle dogs. 


Biological activity* expressed in 
ug/ml after oral admin.t of 


Tetracycline 
hydrochloride 
Sample Tetracycline -+ glucosamine Level of sig- 
time hydrochloride hydrochloride % increase nificance, % 
1 1.123 1.972 76 1 
3 1.114 1.512 36 5 
5 878 1.164 33 5 
7 566 759 34 5 
* Avg of 40 dogs. t 10 mg/kg. 
of tetracycline hydrochloride plus glucosa- Results. The data have been summarized 


mine hydrochloridet as compared to tetracy- 
cline hydrochloride itself in a cross-over ex- 
periment in 40 beagle dogs will be presented 
here. 

Methods. The beagles used in this study 
were pure-bred and were maintained under 
identical housing conditions, diet, and en- 
vironment. Tetracycline hydrochloride plus 
D-glucosamine hydrochloride in a 1:1 ratio 
(10 mg plus 10 mg) was used as the test drug. 
Tetracycline hydrochloride of the same lot 
was used as the control drug. Dosage was 10 
mg/kg administered by stomach tube. Blood 
samples were removed by jugular vein punc- 
ture at 0, 1, 3, 5, and 7 hours after drug ad- 
ministration. Immediately after drawing, the 
blood was permitted to clot at refrigerator 
temperature. The serum was then removed 
and assayed by standard microbiological pro- 
cedures(2). Such biological activity in the 
serum has been expressed as pg/ml of tetra- 
cycline hydrochloride. The study was done 
with groups of 20 animals per experiment, that 
is, 10 on test and 10 on control drug. After 
a weeks’ rest, the cross-over was initiated in 
which the previous test animals now served as 
controls and vice versa. A zero time sample 
was always assayed to exclude any possibility 
of carry-over from the previous week’s ex- 
periment. The data were subjected to stand- 
ard analysis of variance for a cross-over de- 
sign experiment(3) and per cent increase in 
serum levels noted at one and 5% levels of 
significance. 

+ Trade mark of Chas. Pfizer and Co., for dosage 
form of tetracycline hydrochloride and glucosamine 
hydrochloride is Cosa-Tetracyn. 


in Table I. Higher biological activity in the 
sera was observed at every time interval in 
the dogs receiving tetracycline hydrochloride 
plus glucosamine hydrochloride than in those 
animals receiving only tetracycline hydro- 
chloride. Percentage increases in serum ac- 
tivity ranged from 76% at one hour, to ap- 
proximately 34% at 3, 5, and 7 hours. An 
analysis of variance for such a, cross-over ex- 
periment showed the levels of significance for 
these increases were one per cent at one hour, 
and 5% at 3, 5, and 7 hours. Although the 
exact mechanism for enhancement of serum 
levels after oral administration of tetracycline 
hydrochloride by D-glucosamine — hydro- 
chloride remains unclear, it is obvious that the 
greatest effect occurs in the early hours after 
administration. 

Summary. Serum levels of tetracycline ac- 
tivity were enhanced by the presence of D- 
glucosamine hydrochloride from 76% at one 
hour to 34% at 7 hours over those obtained 
after oral administration of tetracycline hy- 
drochloride alone in a cross-over experiment 
with 40 pure-bred beagle dogs. 


I am indebted to Miss Dorothy Hucke, Biochemi- 
cal Research and Development Division, Chas. Pfizer 
and Co., Inc., for statistical analyses of these data. 
The author also wishes to express his gratitude for 
technical assistance of: Misses Sophia Szendy, Diane 
Shorenstein and Judith Morse, and the Mesdames 
Rochelle Warhaftig, Mary Jane MacGregor, and 
Doris Uhoda. 
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Distribution and Valence State of Radiochromium in Intracellularly 


Labeled Ehrlich Mouse Ascites Carcinoma Cells.* 


(24298) 


P. C. RayaAm AND ANNE-LouIsE JAcKsoN (Introduced by W. S. Preston) 
Dept. of Bacteriology, University of Michigan Medical School, Ann Arbor 


Gray and Sterling(1) reported a method 
for intracellular labeling of human erythro- 
cytes with radioactive sodium chromate 
(NasCr*!0,). This method has been further 
studied and applied by several workers(2,3), 
resulting in adoption of the modified pro- 
cedure as a standard method for study of 
erythrocyte life span and related investiga- 
tions(4). Any procedure resulting in an in- 
tracellular label, stable for the life of the cell, 
has potentialities for the study of cellular 
biology. Thus, in addition to those used for 
erythrocytes, similar methods have been ap- 
plied successfully to leucocytes(5) and plate- 
lets(6). Recently, the use of radiochromate 
for labeling cells of Ehrlich mouse ascites car- 
cinoma has been reported(7). It was shown 
that the label was retained intracellularly 
until irreversible rupture of the cell occurred, 
and that incorporation of chromate ions in the 
cells did not impair their ability to produce 
subcutaneous tumors in mice, provided a cer- 
tain maximum concentration of chromate ion 
was not exceeded. In their original paper, 
Gray and Sterling(1) studied the nature of 
intracellular label in erythrocytes, and demon- 
strated that the erythrocyte membrane al- 
lowed passage of the CrO,” ion, but was selec- 
tively impermeable to trivalent chromic 
(Cr***) ion. Radioactivity within the red cell 
was shown to be associated with the globin 
moiety of the hemoglobin molecule. It was 
also suggested, on the basis of indirect evi- 
dence, that the CrO,” ion was intracellularly 
reduced to the trivalent Cr*** ion, and that 
the stability of the label was dependent on 
the firm binding of the Cr*** ion to intracellu- 


* This work was supported by grants from Mich. 
Memorial Phoenix Project. 


lar protein. Tumor cells are considerably 
more complex entities than the highly special- 
ized erythrocyte. A study of the valence state 
and intracellular distribution of radiochro- 
mium in these cells was considered of interest, 
and is the subject of this report. 


Methods. Propagation, harvesting and 
standardization of tumor cells. Ehrlich ascites 
tumor cells were propagated, harvested, freed 
of erythrocytes and standard suspensions pre- 
pared, by methods described elsewhere(8). 
Labeling of tumor cells with radiochromate. 
A suspension of 5 x 10° tumor cells in 10 ml 
0.85% NaCl was labeled as previously de- 
scribed(7), using 0.9 we of NagCr®'O, (spe- 
cific activity 39.38 mc/mg, NasCrO, concen- 
tration 0.02 mg/ml; obtained from Abbott 
Laboratories under the trade name Rachro- 
mate). Unincorporated radiochromate was 
removed by washing thrice with 0.85% NaCl 
(35 G, O°C, 5 min). Fractionation of tumor 
cells. The labeled tumor cell suspension was 
fractionated by a method based on that of 
Hogeboom and Schneider(9). Cells were sus- 
pended in 0.25 M sucrose solution and dis- 
rupted by grinding in a Potter-Elvehjem ho- 
mogenizer (60 min, O°C). An aliquot of the 
total homogenate was removed for radioassay. 
The remainder was layered on 0.34 M sucrose 
solution and centrifuged (450 G, O°C, 15 
min). The supernate (SI) was reserved, the 
sediment suspended in 0.25 M sucrose solu- 
tion, layered on 0.34 M sucrose solution and 
centrifuged (800 G, 0°C, 15 min). The sedi- 
ment, consisting largely of nuclei, was dis- 
persed in sodium desoxycholate solution, and 
aliquots prepared for radiassay; the super- 
nate (SII) was combined with the original 
supernate (SI). The combined supernates, 
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representing the cytoplasmic fraction, were 
centrifuged (13,000 G O°C, 30 min). The 
sediment, consisting of mitochondria and mi- 
crosomes, was dispersed as above, and aliquots 
prepared for radioassay. The clear supernate 
(STII), containing soluble protein and other 
metabolites, was divided into 4 portions. The 
first portion was treated with trichloroacetic 
acid (final concentration 5%), and the second 
with absolute ethanol (final concentration 
50%) for 1 hour at 37°C. The precipitated 
protein in each case was separated by centri- 
fugation (900 G, 0°C, 15 min) and dissolved 
in 10 M urea solution; aliquots of these solu- 
tions, and of the respective supernates, were 
prepared for radioassay. The third portion 
of the supernate (SIII) was deproteinized 
with ethanol as described above and the pro- 
tein-free supernate dialyzed exhaustively 
against distilled water (30 bag revolutions/ 
minute, 24 hours). Aliquots of the dialyzed 
material were used for radioassay. Determin- 
ation of valence state of intracellular chro- 
mium. The final portion of the supernate 
(SIII) was used for this purpose. The meth- 
od was based on that used by Cunningham, 
McGuir, and Clement(10). Following ethanol 
precipitation, one ml of a 5% solution of 
carrier (nonradioactive) chromic chloride 
(CrCl) was added and, after equilibration of 
radioactive and carrier Cr*** ions, both were 
precipitated with ammonium hydroxide. The 
precipitate was washed with distilled water 
(100 G, 0°C, 5 min) and redissolved in 1N 
HCl. Aliquots of the solution of the precipi- 
tate, and also of the combined supernate and 
washings, were used for radioassay. Method 
of radioassay. The number of counts/minute 
for all samples were determined in a well-type 
scintillation counter (Nuclear Model DS-3). 
Results. The following results are based on 
average figures from 3 experiments. The total 
homogenate obtained from 5 x 10* tumor cells 
labeled with 0.9 pc of NavCr®'O, (approxi- 
mately 88,000 counts/minute) assayed 18477 
counts/minute. This corresponds to approxi- 
mately 21% uptake, a value which is in accord 
with previously published results(7). Frac- 
tionation of the homogenate into nuclear and 
mitochondrial-microsomal fractions showed 
that 17 and 12% respectively of the radioac- 
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TABLE I. Intracellular Distribution of Radio- 
chromium in Ehrlich Mouse Ascites Tumor Cells. 
Sle En ae ne WR es ok Ne 


Radiochromium 


hide % Ave % 
Fraction Counts/min.* uptake* uptake 
NEI cn SURE DT EY 


Total homogenate 20,517 100 100 
20,344 100 
18,402 100 

Nuelear fraction 3,936 19 ily 
3,560 17 
2,984 16 

Mitochondrial-miero- 2,673 13 12 
somal fraction 2,530 12 
2,205 12 

Soluble proteint 7,775 38° 36 
7,055 35 
6,582 36 

Protein-free super- 5,961 29 29 
natet 6,251 31 
6,405 28 


* Results of individual experiments. 
+ Ethanol precipitation. 


tivity of total homogenate were associated 
with these fractions. Thus, 71% of the total 
intracellular activity was present in the sol- 
uble cytoplasmic fraction. 


Trichloroacetic acid precipitation of super- 
nate SIII indicated that 2450 counts/minute 
(13%) were present in the protein fraction, 
and 8822 counts/minute (45%) in the pro- 
tein-free supernate. When ethanol was added 
as the precipitating agent, 36% of radioac- 
tivity was associated with the protein frac- 
tion, and 29% with the protein-free super- 
nate. Percentage figures so far presented re- 
fer to per cent radioactivity of total homo- 
genate. Expressed in terms of total radio- 
activity of supernate SIII, ethanol precipi- 
tated 52% with protein, while 46% remained 
in the supernate. Results of individual experi- 
ments are summarized in Table I. 

Dialysis of the protein-free supernate 
(ethanol precipitation) showed that, of 6205 
counts/minute before dialysis, only 70 
counts/minute remained after dialysis (1% of 
radioactivity of undialyzed protein-free su- 
pernate). 

Results of the determination of the amount 
of intracellular chromium present as Cr*** ion 
are presented in Table II. Practically all the 
radioactivity of the protein-free supernate was 
precipitable as Cr*** ion. 

Discussion. An examination of the results 


ZZ 


TABLE II. Proportion of Radioactivity of Pro- 
tein-Free Supernate Due to Cr®*++ Ton. 


% of Avg % 
Fraction Counts/min.* total* of total 
Protein-free super- 7,426 100 100 
nate 8,048 100 
6,488 100 
Chromic hydroxide 6,929 93 94. 
precipitate 7,702 95 
6,188 95 
Supernate and wash- 434 6 5 
ings 292 4 
257 as 


* Results of individual experiments. 


indicated that, in accordance with results pre- 
viously obtained, tumor cells allow passage of 
CrO,” ions into the cell. Once within the 
cell, however, hexavalent chromium (CrO,”) 
was apparently reduced to the trivalent chro- 
mic form (Cr***). Since the procedure used 
for precipitation of Cr*** ions from the pro- 
tein-free supernate involved the possibility of 
solution of a small portion of the precipitated 
chromic hydroxide in the first excess of am- 
monium hydroxide, it is probable that the 
small amount of total radioactivity not pre- 
cipitable as Cr*** may be accounted for in 
this manner. Since these results are in accord 
with observations on the nature of intracel- 
lular label in erythrocytes, and since the tu- 
mor cell is permeable to CrO,” ions, it appears 
unlikely that both valence states of chromium 
coexist in the cell. 


The discrepancy between results of tri- 
chloroacetic acid and ethanol precipitation of 
protein was explainable on the basis of the 
low pH associated with trichloroacetic acid 
precipitation, since this may bring about re- 
lease of portein-bound Cr*** ions into the su- 
pernate. Ethanol was therefore considered 
to be the precipitant of choice, and results ob- 
tained by alcohol precipitation considered the 
more reliable. 

Part of the radioactivity of nuclear and 
mitochondrial-microsomal fractions was un- 
doubtedly due to entrained or adsorbed radio- 
active cytoplasmic protein, and part to non- 
specific adsorption of free Cr*** ions to the 
protein surface components of the particu- 
lates in these fractions. In the case of the 
nuclear fraction, a portion of the radioactiv- 
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ity was probably concentrated in the small 
number of unbroken cells which are invariably 
carried down in this fraction. No attempts 
were made to investigate the possibility of a 
specific concentration of radiochromium with- 
in nuclei, mitochondria, or microsomes. 

A point not previously examined, to our 
knowledge, is that although a large percentage 
of intracellular Cr*** ion is associated with 
soluble cytoplasmic protein, a significant 
amount may be present as unbound Cr*** ion, 
at least in Ehrlich tumor cells, thus suggesting 
that the cell membrane may be impermeable 
to intracellular chromic ions. This suggests 
that the stability of the intracellular label 
may not be entirely dependent on protein 
binding, but is also influenced by membrane 
permeability. This conclusion is strengthened 
by direct evidence showing that Cr*** ions do 
not penetrate the erythrocyte membrane(1), 
and that radioactivity is almost entirely re- 
tained within Ehrlich tumor cells until they 
are lysed by sonic or other disruption, when 
almost all of it is released(7). 

Summary. 1. Ehrlich mouse ascites car- 
cinoma cells were labeled with radiochromate 
(NasCr°!O,), and the intracellular distribu- 
tion and valence state of radiochromium 
studied. 2. Of the total intracellular radio- 
activity, 71% was associated with the soluble 
cytoplasmic fraction; of radioactivity of this 
fraction, ethanol precipitated 52% with the 
proteins, and 46% remained in the supernate 
from ethanol precipitation in dialyzable form. 
3. Hexavalent chromium (Cr°'O,’””) appeared 
to be intracellularly reduced to the triva- 
lent state (Cr°t**). 4. The results suggest 
that the cell membrane of the Ehrlich ascites 
tumor cell is impermeable to intracellular 
Cr*** ions, and that stability of the intracellu- 
lar label is not dependent on protein binding 
alone. 
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Impairment of Innate Resistance by Triiodothyronine.* (24299) 


Wittram H. Murpny, Jr.,t Arvin L. Wrens anp DENNIS W. Watson 
Department of Bacteriology and Immunology, University of Minnesota, Minneapolis 


Lurie and Ninos(1) observed that rabbits 
treated with triiodothyronine displayed an 
enhanced resistance to chronic infection by 
tubercle bacilli. This paper reports the effect 
of triiodothyronine on experimental infection 
of mice by a strain of group A streptococci, by 
Candida albicans, and on_ transplantable 
mouse leukemia. 

Materials and methods. L-3,3',5 triiodo- 
thyronine (Smith, Kline & French Co.) was 
prepared for inoculation of mice by dissolving 
4 mg in 1.3 ml 0.01 N NaOH, 90 mg of NaCl 
added, and total volume of solution brought to 
10 ml with distilled water free of carbonate. 
Triiodothyronine solution (T3) after steri- 
lization by autoclaving for 30 minutes at 
110°C., was stable for 6 days at 4°C. Strep- 
tococcus pyogenes, type 18, and Candida al- 
bicans, strain 780, were grown and prepared 
for inoculation of mice as described elsewhere 
(2,3). Swiss albino mice, Tumblebrook strain, 
and BALB/C mice, purchased from Jackson 
Memorial Laboratory, were used as test hosts 
for Candida albicans and Streptococcus pyo- 
genes respectively. Strain C58 mice and 
transplantable leukemia line I, originated 
with MacDowell and have been maintained 
in our laboratory since 1952. Young C58 
mice moribund from growth of Ij, cells served 
as donors of malignant leukocytes used for 
tests. Spleens harvested aseptically from 
leukemic mice were transferred to a sterile 


* Aided by Grants from Nat. Cancer Inst., National 
Inst. for Allergy and Infectious Diseases, and Nat. 
Heart Inst. 

+ Present address: Dept of Bacteriology, Univ. of 
Michigan, Ann Arbor. 


Petri dish and minced with Bard-Parker 
blades until particles were approximately 2 
mm*. Minced tissue flooded with Scherer’s 
(4) maintenance solution (MS) was agitated 
gently and the supernatant fluid discarded. 
Tissue was minced further until particles ap- 
proximated 1 mm*, supernatant fluid trans- 
ferred aseptically to a sterile tube, centrifuged 
to sediment gross particles, and supernate 
saved as the source of leukemic cells. White 
blood cells were separated from erythrocytes 
by cyclic differential centrifugation at low 
speed(5); line Ij, leukocytes comprising the 
sedimented fraction were suspended in MS 
and counted in a hemocytometer. Per cent 
viability of cell suspensions was determined 
by incubation of an aliquot of cells with an 
equal volume of 0.2% trypan blue (dissolved 
in distilled water containing NaCl 0.8%, KCL 
0.04%, glucose 0.1%); unstained cells were 
considered viable(6). Cell suspensions pre- 
pared as described above did not contain more 
than 5% dead cells. 

Results. Accelerative effect of triiodothy- 
ronine on streptococcal infection of mice. The 
extraordinary sensitivity of male BALB/C 
mice to infection by Streptococcus pyogenes, 
type 18, provided an ideal experimental sys- 
tem to assess the effect of T3 on infection. 
Triiodothyronine, 0.1 ml (40 pg) was ino- 
culated subcutaneously (SQ) into each of 6 
test mice 24 hours before they were infected 
by intraperitoneal inoculation with strepto- 
cocci as described previously(2). After in- 
oculation, mice received 0.1 ml injections of 
T3 at 48 hour intervals during the 6-day ob- 
servation period; control mice were inocu- 
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SQ every 48 hr on time for death of male BALB/C 
mice infected intraper. by Streptococcus pyogenes, 
type 18. 


lated only with streptococci since tests re- 
vealed that T3 was not lethal for mice nor 
did its vehicle influence host response to in- 
fection. Representative results from 3 repli- 
cate experiments (Fig. 1) show that mice 
treated with T3 died within 24 hours after 
inoculation with 6 to 10 organisms whereas 
approximately 6000 organisms were required 
to kill untreated mice under the same experi- 
mental conditions. Because male BALB/C 
mice were uniformly susceptible to lethal in- 
fection by the test organism, the total num- 
ber of deaths in test and control groups was 
the same at the end of the 6 day observation 
period. Effect of triiodothyronine on suscep- 
tibility of Swiss and BALB/C mice to infec- 
tion by Candida albicans. The high innate 
resistance of mice to infection by Candida 
albicans contrasted sharply with the extra- 
ordinary susceptibility of BALB/C mice to 
test streptococci. Thus, further characteriza- 
tion of the influence of T3 on innate resis- 
tance was accomplished by assaying its effect 
on the course of experimental infection of 
Swiss albino and inbred BALB/C mice by 
Candida albicans. Procedure for growth of 
organisms and inoculation of mice has been 
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reported(3). Twenty mice in each test group 
were inoculated with 0.5 ml of cell suspension 
containing 35 million organisms. Test mice 
received 40 pg of T3 subcutaneously 24 hours 
before inoculation with cells, and every 48 
hours thereafter; control mice were inoculated 
with Candida albicans alone. Experiments 
with each strain of mice were conducted in 
duplicate. Data (Fig. 2) representative for 
experiments that employed both BALB/C 
and Swiss mice reveal that T3 increased per 
cent mortality and accelerated rate of death. 
Effect of triiodothyronine on rate of death 
from transplanted leukemia. The possible ef- 
fect of T3 on innate resistance to neoplastic 
growth was surveyed by study of its influence 
on progression of spontaneous leukemia in 
C58 mice. Results of such experiments were 
subject to broad variation because it was im- 
possible to allocate control and test mice into 
equivalent groups comprised of animals at the 
same stage of leukemia. Analysis of the dose- 
response curve of C58 mice to line I, cells 
(7) afforded an opportunity to assess influ- 
ence of T3 on host response to transplanted 
leukemic cells. Three groups of 10 test and 
10 control animals per group were employed 
for comparative purposes; mice of each group 
received a graded dose of I, cells. Forty pg 
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FIG, 2. Effect of triiodothyronine (40 yg) given 
SQ every 48 hr on time for death of BALB/C mice 
infected intraper. by Candida albicans, 
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TABLE I. Effect of Triiodothyronine on Time for 
Death of C58 Mice to Transplantable Leukemia, 
Line I. 
——————————————————————————————————————— 

Avg time in days for death* 
Dose of cells - 
per mouse 


: ; 
Treated mice Control mice 


104 6.0 7.0 
LT ae 7.0 9.0 
10°? 12.0 13.3 


* Data are representative of 3 replicate experi- 
ments; 10 mice were used in each test and control 
group for each exp. 

+ Time for death of animals (ca. 50% of test 
subjects) that received leukemie cells. 


of T3 was inoculated SQ into mice 24 hours 
before intraperitoneal inoculation of I, cells 
and every 48 hours thereafter; control mice 
did not receive T3. In 3 replicate experi- 
ments a small but consistent accelerative ef- 
fect of T3 on time for death from transplanted 
leukemic cells was observed (Table I) al- 
though the magnitude of the change was not 
remarkable. 

Discussion. The ready suppression of in- 
nate immunity by a variety of experimental 
procedures contrasts with the lack of suitable 
methods for enhancement of native resistance. 
Lurie and Ninos(1) demonstrated that tri- 
iodothyronine augmented innate resistance of 
rabbits to chronic tuberculosis. Long and 
Sewell(8) observed that injection of thyroxine 
into guinea pigs increased immunity to 
diphtheria toxin and resulted in increased 
production of circulating antitoxin. These 
findings served as the basis for the study re- 
ported here which had as its objective a fur- 
ther survey of the effect of triiodothyronine 
(T3) on innate immunity. Contrary to an- 
ticipated results, it was found that mice 
treated with T3 were more susceptible to in- 
fection by a strain of group A streptococci and 
by Candida albicans than untreated controls, 
whereas time for death of mice from trans- 
planted leukemia was only slightly acceler- 
ated. In experimental candidiasis both 
threshold of resistance and time for death 
were reduced. These observations are consis- 
tent with those of Nutter and coworkers(9) 


and Melby, e¢ al.(10), who reported suppres- 
sion by triiodothyronine of innate resistance 
to infectious agents. Three factors seem to 
be important to an understanding of the di- 
vergent results concerning the effect of T3 on 
innate immunity: 1) the test systems em- 
ployed in the various investigations serve to 
illustrate the individuality of each host-para- 
site system; 2) the dose of test organisms in- 
fluenced the magnitude of the observed effect 
in at least one case(10), and 3) the dose of 
T3 may augment resistance providing that it 
enhances the physiologic and metabolic ac- 
tivity of cells concerned in resistance to in- 
fection, or it may subvert innate immunity if 
used in doses that are thyrotoxic. 


Summary. Studies were carried out to pro- 
vide additional information on the effect of 
triiodothyronine on innate resistance. Mice 
treated with the drug were significantly more 
susceptible to infection by Candida albicans 
and by a strain of Streptococcus pyogenes, 
type 18, than untreated controls. Treatment 
of mice with triiodothyronine failed to en- 
hance significantly time for death of C58 mice 
to transplanted leukemia, line I). 
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Formation of Protoplasts from Mycobacteria by Mycobacteriophage.*t 
(24300) 


Irvine Mirimant 
Department of Microbiology, Northwestern University Medical School, Chicago 


Isolation of both enzymatically active and 
immunogenically active particles from tu- 
bercle bacilli has been reported(1,2,3,4). Iso- 
lation of these intracellular units, resembling 
mitochondria in many respects, was obtained 
by grinding whole washed cells with abrasives 
in a ball mill for as long as 18 hours. This 
procedure was drastic but necessary since 
other means resulted in failure(5). Attempts 
to correlate particulate fractions with some 
intracellular structure(2,3) have met with 
criticism since, as has often been pointed 
out, cell walls as well as cell membranes could 
be ground to heterogeneous particulates re- 
sembling in size and sedimentation rate the 
particles referred to as mitochondria(6). The 
solution to this problem with tubercle bacilli 
would be to use less drastic means for libera- 
tion of intracellular components. The con- 
version of tubercle bacilli to protoplasts is the 
obvious answer but unfortunately this group 
of microorganisms is resistant to the lytic ac- 
tion of lysozyme(7) and therefore, cannot be 
converted by this means. 

This report will describe a method success- 
fully used in this laboratory for conversion of 
different strains of tubercle bacilli to proto- 
plasts by use of concentrated mycobacterio- 
phage. 

Materials and methods. For stock suspen- 
sions of phage$ trypticase soy agar plates were 
seeded with sufficient numbers of the aviru- 
lent Mycobacterium tuberculosis strain 607 
and phage to produce confluent lysis in 24 
hours at 37°C. The surface from 25 such 
plates was washed with 0.85% NaCl and the 


* A preliminary report was given at the 58th Meet- 
ing of Soc. Am. Bact., Chicago, April 30, 1958. 

+ This investigation was aided by research grant 
from Illinois Tuberculosis Assn. 

t Present address: Public Health Research Institute 
of the City of New York, Inc. 

§ Obtained from Dr. S. Froman, Dept. of Bacteri- 
ology, Univ. of California, Los Angeles. 


pooled washings filtered through Berkefeld 
filters. 

An adaptation procedure was necessary in 
order to produce phage active in forming pro- 
toplasts of the different strains tested. It was 
found that phage propagated on strain 607 
had little or no activity against the H37Ra, 
BCG|, and H37Rv mycobacterial strains 
while phage propagated on strain H37Ra was 
active against strains BCG and H37Rv as 
well. The following procedure was followed. 
Two 4 liter Erlenmeyer flasks each containing 
2 liters of Proskauer and Beck medium were 
inoculated with 0.075 mg of strain 607 or 
H37Ra (determined by centrifugation in a 
Hopkins tube) and 1 ml of stock 607 phage 
containing 3 x 10* phage. This represented 
a phage bacteria ratio of approximately 1-100. 
The flasks were then stoppered with rubber 
stoppers containing cotton adapters. These 
were placed on a shaking machine housed in a 
37°C incubator and the flasks were agitated 
gently for 48 hours when strain 607 was used 
and for 3 weeks when strain H37Ra was used. 
Periodically aliquots from the strain 607 
flasks were removed and titered by plaque 
count against the 607 strain. The H37Ra 
strain was titered in the same manner only 
once at the end of the 3 weeks incubation pe- 
riod and only against the H37Ra strain. The 
culture medium was then filtered through 
Berkefeld filters, shell frozen in lyophilizing 
flasks and evaporated under vacuum for 24 
hours. This produced a 10-fold concentration 
(4 liters to 400 ml). The 400 ml were then 
dialyzed at a temperature of 5°C against 0.01 
M phosphate buffer at pH 7.0 (3 changes over 
a period of 24 hours) and lyophilized to dry- 
ness. The dry material was resuspended in a 
desired volume of 10% sucrose containing 
0.1% MgSO,. The number of cells to be con- 
verted to protoplasts determined final volume 


|| Obtained from Dr. S. Rosenthal, Tice Clinic, 
Univ. of Illinois, Chicago. 
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of phage concentrate. As a rule 10 ml was 
the final volume chosen. These produced an 
estimated phage concentrate of 10°. This 
count was estimated entirely on the basis of 
volume since it was found that the treatment 
necessary for concentration inactivated ap- 
proximately 90% of the original phage par- 
ticles. This was evidenced by a reduction in 
the formation of plaques after incubation with 
either the 607 or H37Ra strain of tubercle 
bacilli as host. Four ml of the phage concen- 
trate was added to 0.01 mg wet weight of 
bacterial cells suspended in 6.0 ml of 10% 
sucrose containing 0.1% MgSO,. This al- 
lowed a phage bacteria ratio of 1000:1. The 
mixed suspension was incubated in a water 
bath at 37°C and examined in wet mount ton- 
tinuously for 5 minutes and every 15 minutes 
thereafter for a total of 60 minutes. © .~ 

Light micrographs were taken with a 
Spencer dark M objective (N.A. 1.25) at 
1/100 sec. using Adox KB 14 35 mm film. 
For electron micrographs a microdrop of sus- 
pension obtained at specified times was placed 
on a formvar grid and allowed to air dry. 
This was then washed by adding and with- 
drawing a drop of distilled water from a 
dropper 10 to 20 times. The prepared grids 
were then examined in the EMU-3C electron 
microscope. 

Results. Fig. 1-7 represent photomicro- 
graphs of the 607 strain of tubercle bacilli. 
After 15 minutes of contact with phage con- 
centrate at 37°C changes in mycobacterial cell 
morphology occurred (Fig. 1, 2, 5). At the 
start of observation the cells appeared more 


refractive than normal cells (Fig. 1) with a. 


surrounding halo of brilliant light. Although 
swelling was evident after only 5 minutes it 
was very pronounced after only 15 minutes. 
Swelling began either at the ends or in the 
center of individual cells. Often, as a result 
of swelling at one end only, the cell would 
appear to be bent at right angles or to assume 
the appearance of a figure eight (Fig. 2). The 
figure eight type would always remain con- 
stricted in the center and eventually form 2 
protoplasts (Fig. 3). Where only one end 
would swell the other end would remain at- 
tached (Fig. 3). At the end of 60 minutes 


complete protoplasting was evident (Fig. 4). 
The individual protoplasts remained — sur- 
rounded by a halo of light making it difficult 
to visualize the true outline of the cell. Fig. 6 
shows 2 protoplasts surrounded by debris 
and/or phage particles. The photograph ap- 
pears blurred due to the presence of sucrose 
which was difficult to remove completely with- 
out destroying the labile unfixed protoplasts. 
While the technic used did not allow detec- 
tion of phage particles attached to cell walls 
it is felt that newly reported fixation pro- 
cedures(8) will permit this to be accomp- 
lished. 

Similar results were obtained with the 
H37Ra, H37Rv and BCG mycobacterial 
strains. 


Discussion. The results reported confirm 
those of Carey et al.(9) of formation of 
Escherichia coli protoplasts by the mass ab- 
sorption of inactive phage. Although the 
preparation of their phage concentrate dif- 
fered from that reported here the results are 
essentially the same. 


Of interest is the fact that the phage, which 
was non-specific in its ability to lyse different 
strains of tubercle bacilli, as shown by forma- 
tion of plaques on Petri plates, should require 
a period of adaptation to be capable of caus- 
ing formation of protoplasts of the H37Ra, 
H37Rv and BCG strains of tubercle bacilli. 
The reason for this is still obscure but may 
reflect differences in cell wall composition 
between the two groups of mycobacteria or 
differences in phage particles. If the latter is 
correct the adaptation period was a period of 
selection where only those phage particles ac- 
tive against strains H37Ra, H37Rv and BCG 
were selected. 

While it appears likely that the protoplasts 
were caused by mass adsorption of inactive 
mycobacteriophage causing a weakening and 
dissolution of cell walls it also remains a 
possibility that some component(s) liberated 
from the phage by the concentration treat- 
ment was responsible. Whatever the mechan- 
ism, the fact remains that the ability to con- 
vert mycobacterial cells to protoplasts will 
simplify future studies on relation of intra- 
cellular structure and function among the 
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FIG. 1. Mycobacterium tuberculosis strain 607 after 15 min. contact with phage concentrate. 
Individual cells highly refractive and swelling evident either at one end or both ends of cell. A 


normal cell (n) visible for comparison. XX 3300, 


FIG. 2. M. tuberculosis strain 607 after 15 min, contact with phage concentrate. Figure 


eight and bent forms visible. 3300. 
FIG, 3. Same after 30 min. 
FIG. 4. Same after 60 min. 


mycobacteria. 

Summary. Various mycobacterial cells were 
converted to protoplasts by treatment with a 
mycobacteriophage concentrate. The technic 


involved production of sufficient adapted 
phage by growth either in the 607 or H37Ra 
strains of tubercle bacilli. Further concen- 
tration was necessary in order to obtain a 
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trate. X 36514. 
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FIG. 5. Swollen cell of M. tuberculosis strain 607 after 15 min. contact with phage concen- 


FIG. 6. Protoplasts of M. tuberculosis strain 607 after 60 min. contact with phage concen- 


trate. X< 25025. 


Ch ity 
sufficiently high phage bacteria ratio. This 


was accomplished by lyophilization. The 
significance of the reported findings is dis- 
cussed. 
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o-Hydroxyphenylacetic Acid Excretion in the Phenylalanine Tolerance Test 


For Carriers of Phenylketonuria.* 


ANDREA M. CULLEN AND W. EUGENE KNOX 


(24301) 


(Introduced by Shields Warren) 


Cancer Research Institute, New England Deaconess Hospital and Dept. of Biology and Chemistry, 
Harvard Medical School, Boston, Mass. 


The recessive gene responsible for phenyl- 
ketonuria is associated in the heterozygous 
parents with an abnormally low tolerance for 


* Support is acknowledged from U. S. Atomic 
Energy Comm., to New England Deaconess Hospital 
and U. S. Public Health Service. 


ingested phenylalanine(1) and an elevated 
fasting level of plasma _ phenylalanine(2). 
This accumulation of phenylalanine in the 
apparently normal carriers of the disease is 
referable to a partial impairment of phenyl- 
alanine hydroxylase, the enzyme whose ab- 
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sence from the liver of the homozygous phe- 
nylketonuric individuals(3,4,5) may account 
for all of the biochemical and clinical ab- 
normalities of the disease(6). The reduced 
phenylalanine tolerance of carriers of the phe- 
nylketonuric gene was confirmed by Berry, 
Sutherland and Guest(7), who also reported 
that o-hydroxyphenylacetic acid (o-HPA) 
was excreted in the urine of the heterozygotes, 
but not of normals, after phenylalanine was 
administered in test doses. No other metabo- 
lites characteristic of phenylketonuria were 
found regularly in these experiments. The 
suggestion was made that the presence of o- 
HPA in urine during tolerance tests could per- 
haps serve as an added means of identifying 
the carriers of the recessive gene. o-HPA is 
the major abnormal hydroxyphenyl metabo- 
lite excreted in phenylketonuria(8) and its 
increased formation has been attributed to 
the action of the same genetically controlled 
enzyme whose normal para-hydroxylation of 
phenylalanine is impaired(9). If this were 
so, its appearance in the urine of heterozygotes 
would represent a qualitative test for the 
presence of the genetically distorted enzyme 
reaction, a test superior to the quantitative 
tests now used. It would also indicate the 
kind of chemical alteration which affects the 
enzyme in this disease. On the other hand, 
o-HPA formation may occur by an indepen- 
dent system in proportion to the height of 
the blood phenylalanine level. In phenyl- 
ketonuria the excretion of o-HPA is propor- 
tional to the blood phenylalanine level(8). 
The following experiments demonstrate that 
the same proportionality of o-HPA excretion 
to blood phenylalanine level holds in normal 
individuals, and that o-HPA formation is not 
qualitatively dependent upon the presence of 
the phenylketonuric gene. 


Methods. Four young adult members of 
the laboratory staff, 3 males and 1 female, 
were subjects. All were non-heterozygotes as 
judged by normal basal levels of plasma phe- 
nylalanine, and 2 of these, previously tested, 
showed normal phenylalanine tolerance 
curves. The curve on one of these (PI) was 
at the high extreme of the normal range. In 
the present study these subjects were given 


0-HyDROXYPHENYLACETIC ACID IN PHENYLKETONURIA 


by mouth an amount of phenylalanine cal- 
culated to raise the phenylalanine in their 
blood to a level comparable to that which the 
heterozygote would reach with 0.1 g/kg. The 
subjects were not fasting. After ingestion of 
the designated amount of L-phenylalanine, 
blood samples and urine specimens were ob- 
tained at hourly intervals for 3 hours. Phe- 
nylalanine in plasma was determined by a 
modification(2) of the decarboxylase method 
of Udenfriend & Cooper(10). o-HPA was 
measured by paper chromatography of ether 
extracts of the urine, following the method 
described by Berry, Sutherland and Guest 
(7). The only modification of this technic 
consisted in using twice the amount of con- 
centrated urine extract (equivalent to 400 pg 
of creatinine) for each spot on the chromato- 
grams. 

Results. We have confirmed the findings 
of Berry, Sutherland and Guest(7) on 14 
heterozygotes and 9 controls that after 0.1 
g/kg of L-phenylalanine usually only the 
heterozygotes excrete detectable amounts of 
o-HPA. The blood levels of phenylalanine 
expected after this dose of phenylalanine in 
the two types of individuals are shown by 
the dotted lines in Fig. 1, representing the 
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IG. 1. Plasma phenylalanine following oral doses 
of L-phenylalanine in 19 controls (-C-) and 19 
heterozygotes (-@—) given 0.1 g L-phenylalanine 
per kg of body wt, and in 4 normal subjects 
(-A-) given 0.1 to 0.13 g L-phenylalanine per kg 
body wt (Table I). Dotted line at 0.67 um/ml rep- 
resents ‘‘threshold’’ of plasma phenylalanine 
above which excretion of o-HPA was observed by 
the method used. 
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TABLE I. Plasma Phenylalanine and Urine o-HPA. 


Phenylalanine Plasma phenylalanine, «M/ml (after o-HPA. ex- 

ingested, ingestion of phenylalanine) creted in 38 

: g/kg body —— hr, weg/mg 

Subject wt Fasting Lhr 2hr 3 hr creatinine 
TA 13 072 804. 858 549 18 
PI fh .068 935 776 426 21 
BE 13 075 544 803 489 3 

cU Has .080 679 495 400 trace 

12 691 672 459 4 


average curves for 19 individuals in each 
group(1). Superimposed on this graph is the 
average of the tolerance curves of the 4 nor- 
mal subjects after receiving the doses of L- 
phenylalanine listed in Table I. During the 
3 hour period following ingestion all sub- 
jects excreted 3 to 21 wg of o-HPA per mg 
of creatinine. The horizontal line at about 
0.67 p»moles/ml represents the “threshold” 
level of plasma phenylalanine. With values 
above this level the excretion of o-HPA meas- 
ured by the present method regularly occurred 
in both normal and heterozygote individuals. 
The amount of o-HPA excreted was roughly 
proportional to the area of the curve above 
this line. A similar division between the 
plasma levels of those who did and those who 
did not excrete o-HPA is seen at about 9 
mg% in the data of Berry, et al. This and 
the other values determined by their method 
were about 30% less than by our method. 
The excretion of about 1 mg o-HPA per day 
by normal individuals(8) indicates that more 
sensitive methods than we employed would 
detect o-HPA in the urine of individuals 
whose phenylalanine levels were below the 
“threshold” line. 

In Table I the individual phenylalanine lev- 
els of the 4 subjects are given with the sum 
of o-HPA excreted by each during the 3 hour 
test period. It is to be noted that normal 
subject, PI, whose tolerance curve was at the 
upper range of normal despite a normal basal 
level, excreted o-HPA after the standard dose 
of phenylalanine of 0.1 g/kg body weight. 
Subject CU excreted significant amounts of 
o-HPA only with a dose of 0.12 g/kg 
and not after 0.1 g/kg. Even in the lat- 
ter case traces of o-HPA were found which 
would not have been detectable with the 
smaller aliquots chromatographed by Berry, 


Sutherland and Guest(7). 

Discussion. While the heterozygote and 
the homozygous phenylketonuric have a de- 
ficiency in an enzyme system responsible for 
the metabolism of phenylalanine, they are 
not unique in disposing of an excess of phe- 
nylalanine in part by o-hydroxylation. That 
this also occurs in the normal is shown in 
the present work. Under conditions which 
impose a comparable load of phenylalanine in 
the blood of the non-heterozygote, the latter 
also has the capacity to form o-HPA. _Iso- 
tope studies in the phenylketonuric patient 
showed that o-HPA was derived from phenyl- 
alanine(11). The results of the present study 
indicate that o-HPA is also derived from phe- 
nylalanine in normals and carriers of the phe- 
nylketonuric gene. This must occur by an- 
other reaction(12), and not by distortion of 
the phenylalanine hydroxylase reaction. In 
the presence of elevated blood levels of phe- 
nylalanine this second reaction functions as 
one of the overflow mechanisms to dispose of 
the excess amino acid. The excretion of o- 
HPA during a phenylalanine tolerance test 
reflects an elevated blood level of phenylala- 
nine, and while it is an additional indication 
of a low tolerance, it is not independent evi- 
dence of heterozygosity for phenylketonuria. 


Summary. o-Hydroxyphenylacetic acid is 
an abnormal urinary metabolite of phenyl- 
alanine found in phenylketonuria and after 
phenylalanine dosage in heterozygotes of phe- 
nylketonuria. It is also formed by normal in- 
dividuals with comparably elevated phenyl- 
alanine blood levels. It must be formed by 
enzyme systems other than the one disturbed 
in phenylketonuria. 
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Studies in Leukemia: XI. Active Immunization of C3H x 101 Mice Against 


Induction of Leukemia.* 


(24302) 


Birt P. Mapuros, STEVEN O. SCHWARTZ AND Harotp M. SCHOOLMAN 
Dept. of Hematology, Hektoen Institute for Medical Research, Cook Co. Hospital, Chicago, Ill. 


Our previous reports have described induc- 
tion of leukemia in C3H mice by means of 
cell-free brain filtrates(1). Experiments were 
devised to study the possible immunologic 
properties of cell-free brain filtrates exposed to 
ultraviolet light. The present report gives 
the results of experiments regarding active 
immunization of mice against leukemia. 


Materials and methods. C3H x 101 mice, 
from 8 to 10 weeks old, served in the experi- 
ments. The mice were obtained from Cum- 
berland View Farms, Clinton, Tenn.  Cell- 
free brain filtrates (CFBF) were prepared by 
method previously described(2). Tumor-cell 
suspensions were prepared by grinding mesen- 
teric tumor in ground glass tissue mill and 
suspending the cells in a 0.9% solution of so- 
dium chloride, buffered at pH 7.4, to a con- 
centration of about 10° cells/cm*. Brains of 
5 leukemic C3H x 101 mice were pooled; 
1000 cc. of CFBF was prepared. A control 
filtrate was similarly prepared with brains of 
non-leukemic C3H x 101 mice. The filtrates 
were stored for 48 hours at —15°C, then 
thawed 24 hours at 4°C. After filtrates had 
thawed, the non-leukemic CFBF was filtered 


* These studies were aided by grants from Am. 
Cancer and U. S. Public Health Service. 


through a coarse and a fine glass-sintered fil- 
ter; the leukemic CFBF was filtered through 
the same filters. Samples of leukemic CFBF 
taken before and after this filtration retained 
their leukemogenic properties when later 
tested. The filtrates were irradiated with 
ultraviolet light (UVI) in a Spinco centri- 
filmer irradiation machine at 1750 rpm at 
full power and rate of flow of 200 ml/min- 
ute.t When irradiation was accomplished, the 
filtrates were stored in 5 ml and 10 ml vials 
at —60°C until used. All experimental mice 
were immunized with ultraviolet irradiated 
cell-free brain filtrate (UVI-CFBF) by subcu- 
taneous inoculations of 0.1, 0.25, and 0.5 cc at 
48-hour intervals. The mice were challenged 
10 days after last inoculation, by intraperito- 
neal (IP) injection of 0.5 cc CFBF or tumor- 
cell suspension prepared from leukemic C3H 
x 101 mice. The mice were killed when they 
appeared terminally ill and autopsies per- 
formed. In mice described as positive, both 
gross and microscopic data regarding leukemia 
were similar to those described elsewhere(3) 
for the Swiss strain. Ten C3H x 101 mice were 


+ Irradiation of filtrates was supervised by Dr. 
A. M. Wolf and his staff at Michael Reese Research 
Fn. 
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immunized with UVI leukemic CFBF and 10 
with UVI non-leukemic CFBF. This experi- 
ment was repeated with a different source of 
leukemic CFBF for challenging. In addition, 
2 groups of 10 C3H x 101 mice each, were 
similarly immunized and challenged with tu- 
mor-cell suspension. 

Results. All animals that evidenced leu- 
kemia did so from 2 to 4 weeks after chal- 
lenging. For our purpose, mice that survived 
20 weeks after having been challenged, were 
considered negative. No negative animals 
subsequently showed evidence of leukemia. 

Table I summarizes the effect of immuniza- 
tion with UVI leukemic CFBF when mice are 
challenged with leukemic CFBF. The dif- 
ferences between duplicate experiments are 
not statistically important; therefore, they 
are grouped together for final analysis. Pro- 
tection afforded by immunization with UVI 
leukemic CFBF is highly significant. 

The results of active immunization with 
UVI-CFBF when challenged with tumor cells 
are summarized in Table II. Protection is 
not afforded against a high concentration of 
tumor cells. 

Discussion. Under conditions of our ex- 
periment, ultraviolet irradiated cell-free brain 
filtrate (UVI-CFBF) actively immunizes mice 
against the leukemogenic agent in leukemic 
CFBF. That this immunity is not a result of 
a non-specific mouse brain effect is shown by 
failure of UVI non-leukemic CFBF to confer 
any significant immunity. The incidence of 
leukemia in this control group is similar to 


TABLE I. Effect of Active Immunization on In- 
duction of Leukemia with Cell-Free Brain Filtrate. 


No. leukemic 


Immunized with No. immunized Total 
UVI non-leukemic CFBF 8/10 9/10 17/20 
UVI leukemic CT AS 3/19* 


CFBF — Cell-free brain filtrate 
UVI = Ultraviolet irradiated 


Corrected CHI square, = 14.44*** 


* One mouse in this group died of trauma during 
challenging inj. For statistical analysis, this ani- 
mal was considered positive and the group restored 
to 10 animals. 
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TABLE IT. Effect of Active Immunization on In- 
duction of Leukemia with Tumor Cell Suspension. 


No. leukemie 
No. immunized 


10/10 
10/10 


TImmunized with 


UVI non-leukemie CF BF 
UVI leukemic a 


CF BF — Cell-free brain filtrate 
UVI = Ultraviolet irradiated 


that reported previously in non-immunized 
C3H mice(1). 

Immunity may not be absolute and may 
represent only a prolonged latent period; how- 
ever, in all positive animals, leukemia devel- 
oped within 4 weeks of challenge whereas the 
remaining animals survived over 20 weeks. 
This suggests an absolute immunity at time 
of challenge. 

The failure of UVI-CFBF to protect against 
tumor cells may be the function of several fac- 
tors: (1) a possible quantitative relationship 
of antibody level to the concentration of tu- 
mor cells; (2) the inaccessibility of the active 
agent in tumor cells to the antibody; (3) pos- 
sible so-called autonomy of the established 
tumor cells. 

Summary. 1. Leukemic and non-leukemic 
cell-free brain filtrates were irradiated with 
ultraviolet light. C3H x 101 mice were ac- 
tively immunized by subcutaneous inocula- 
tions. 2. Active immunization with ultra- 
violet irradiated leukemic cell-free brain fil- 
trate gave significant protection against chal- 
lenge of leukemic cell-free brain filtrate. 3. 
Active immunization with ultraviolet irradi- 
ated cell-free brain filtrates did not protect 
against challenge of a high concentration of 
tumor-cell suspension. 
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Effect of Intrinsic Factor on Vit. B,;,; Uptake by Rat Intestine in vitro.* 
(24303) 


ELLiott W. Strausst AND T. HAsTINGs WILSON 


(Introduced by Ernest Knobil) 


Richard C. Curtis Hematology Laboratory, Peter Bent Brigham Hospital and Departments of 
Medicine and Physiology, Harvard Medical School, Boston, Mass. 


Since the original postulation of Castle(1) 
concerning factors involved in the etiology of 
pernicious anemia, many clinical studies have 
been performed to elucidate the mechanism 
by which the intrinsic factor stimulates intes- 
tinal absorption of By. More recently, the 
rat has been useful as experimental animal in 
study of the problem of By. absorption. A 
number of attempts to simplify the experi- 
mental conditions still further by studying 
segments of intestine im vitro have been un- 
satisfactory(2,3). A recent report indicated 
a 2-fold stimulation of Bi. uptake into iso- 
lated rat gut by hog intrinsic factor (4). 

The present study deals with an applica- 
tion of the everted sac technic(5) to this 
problem. Rat gastric juice causes a marked 
stimulation of B,. uptake by rat intestine in 
this preparation. 

Methods. Segments of washed intestine 
were everted, filled with fluid by means of 
blunt needle attached to syringe, and tied at 
both ends as previously described(5). The 
solution on the serosal side (about 1 ml) con- 
sisted of Krebs-Henseleit bicarbonate-saline 
containing 200 mg% glucose. The filled sac 
was placed in a 50 ml Erlenmeyer flask with 
4 ml of bicarbonate-saline containing the fol- 
lowing: 1 ml of neutralized gastric juice (pH 
7.4), 1 ml containing 0.005 pg Co® labeled 
Bio (1 pc/pg), in 0.15 M NaCl and 2 ml of 
a solution such that final concentration of ions 
was that of Krebs-Henseleit bicarbonate- 
saline and the final concentration of glucose 
was 200 mg%. The flasks were gassed with 
5% COs and 95% Os and incubated with 
shaking for 1 hr at 30 or 37°C. Both incu- 
bation temperatures were found satisfactory 
although somewhat larger By. uptake was 
observed at 37°C. The sacs were then re- 


* This work was supported in part by grant from 
Nat. Inst. of Arthritis and Metabolic Diseases. 
| Damon Runyon Cancer Research Fellow, 


moved from the flasks and washed carefully 
with 3 separate 50 ml volumes of saline, tak- 
ing care to remove any adhering mucus. The 
sac contents were removed by needle attached 
to syringe. The tissue was slit open, blotted 
on filter paper and weighed. Digestion of the 
tissue was carried out in 2 ml of concentrated 
H»SO, at 100°C for 30 minutes and the count- 
ing performed in a well-type scintillation 
counter (with a background of about 100 
counts/minute). 

Results. Table I shows results of experi- 
ment in which 2 sacs of everted rat intestine 
were incubated for 1 hour with By; on the mu- 
cosal side, one in the presence of neutralized 
gastric juice, the other in -the presence of 
boiled gastric juice (10 minutes at 100°C). 
Gastric juice stimulated B;. uptake into the 
gut wall by a factor of 11-fold compared with 
the control. Concentration of By in the in- 
testinal wall (195 cpm/100 mg tissue) was 
more than twice that in the final mucosal so- 
lution (73 cpm/0.1 ml). Despite the fact 
that both fluid and glucose moved across the 
full thickness of the tissue, no By. appeared 
on the serosal side of the intestinal sac. Over 
40 such experiments have been performed 
with similar results, maximum stimulation of 
By, uptake by rat gastric juice being 25 fold. 

The effect of various locations along the 
small intestine on By. uptake with and with- 
out gastric juice was studied in a further se- 
ries of experiments. Table II shows that the 
mid-portion of the rat intestine is susceptible 
to the greatest stimulation of By. uptake in 
the presence of intrinsic factor. 

Experiments were devised to test the possi- 
bility that intrinsic factor was adsorbed or 
bound in some manner to the intestinal epi- 
thelium prior to its reaction with Vitamin 
Bis. One such experiment is given in Table 
III. One sac of rat intestine was incubated 
with gastric juice for 45 minutes, washed care- 


Byp Uptake sy Rat INTESTINE 


TABLE I. Effect of Intrinsie Factor on B, Up- 
take by Saes of Rat Intestine. 


Intrinsic Control 
factor (gas- (boiled gas- 
trie juice) trie juice) 
Sae 1 Sae 2 
By in gut wall (epm/100 195 17 
mg tissue) 
B,s in serosal solution 0 0 
Glucose transport (mg/100 95 99 
mg tissue) 
Fluid movement (m1/100 .09 15 
mg tissue) 
Tissue wt (mg) 340 406 


Initial B,, activity on mucosal side = 85 epm/0.1 
ml sol. 
Incubation for 1 hr at 37°C. 


fully in saline, and reincubated in a By» solu- 
tion for a further 60 minute period. Very 
little B;2 uptake was observed. A second sac 
was treated similarly except that the second 
incubation solution contained intrinsic factor 
as well as Bjy. A good uptake of By». was ob- 
tained in this second segment of intestine. 
The pair of sacs incubated in saline acted as 
controls to demonstrate that incubation fol- 
lowed by washing does not alter the behavior 
of the tissue. A final sac was incubated first 
in B,s and then, following a saline wash, in 
intrinsic factor. Little uptake was observed. 


Discussion. In the experiments with 1 
hour incubation times no By; appeared inside 
the sac (serosal side) although both fluid and 
glucose moved across the intestinal wall. This 
behavior is consistent with the time lag be- 
tween uptake in the epithelium and appear- 
ance in the blood and other organs which oc- 


TABLE II. Effect of Intrinsic Factor (Rat Gas- 
tric Juice) on B, Uptake by Various Segments 
along Rat Small Intestine. 


Stimulation of 
B,, uptake by 
intrinsic factor 


Location (% above control )* 
High jejunum (Sae 1) 0 
Mid i 2 500 
Low aM 3 550 
High ileum 4 1200 
Mid 3 5 20 
Low . 6 0 


* At each location an adjacent sac was used as 
control, 1 ml 0.9% NaCl substituted for 1 ml gas- 
trie juice. Incubation 1 hr at 30°C, 
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curs in vive(6). Apparently an hour or more 
is required for passage across the epithelium 
in the rat. Another feature of this study 
which agrees with in vivo observations is the 
site in the small intestine of By» absorption. 
In rats given By» by mouth the midportion of 
the small intestine takes up considerably 
larger amounts of By. than either high je- 
junum or low ileum(6,7). The experiment in 
Table III clearly shows that intrinsic factor 
was not adsorbed to the intestinal epithelium 
as one rinse completely removes its activity 
from the tissue. Only when B,» and intrinsic 
factor are present simultaneously is there up- 
take of By». by the intestinal wall. 

Summary. Sacs of everted small intestine 
of the rat incubated in bicarbonate-saline con- 
taining glucose and By. showed only a very 


TABLE III. Effect of Prior Incubation of In- 
testine in Intrinsic Factor on Subsequent B,. Up- 


take. 
Bis uptake 
Ist incubation 2ndinecubation by intestine 
(followed by (epm/100 mg 
saline wash) tissue) 
LF. Be 12 
ipl ae By + IF 104 
Saline Tey es 7 
7 Bap LE: 100 
Bie bai 8 


Saes prepared from consecutive segments of mid- 
portion of single rat intestine. I.E. = 1 ml of 
neutralized rat gastric juice. Ist incubation 45 
min.; 2nd, 60 min. 37°. 


small B,. uptake in the absence of a source 
of intrinsic factor. In the presence of neu- 
tralized rat gastric juice the stimulation of 
By» uptake was 10- to 25-fold. No By» ap- 
peared on the serosal side of the preparation. 
Stimulation of B,. uptake was most marked 
in segments of intestine taken from the mid- 
portion of the small intestine. Evidence is 
presented that neither B,. nor intrinsic factor 
when added alone are adsorbed to the intes- 
tinal wall but must be present simultaneously 
to give By». uptake. 


One of us (T.H.W.) wishes to thank Dr. Eric G. 
Ball for discussions which led to the initiation of 
this project. The helpful advice of Dr. Frank H. 
Gardner is gratefully acknowledged. 
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Relationship of Circulating Antigen-Antibody Complexes, Antigen 
Elimination, and Complement Fixation in Serum Sickness.*t (24304) 


Wititam O. WEIGLE? AND FRANK J. Drxon 
Dept. of Pathology, University of Pittsburgh School of Medicine, Pittsburgh, Pa. 


The symptoms and lesions of both 
clinical and experimental serum sickness 
usually develop during rapid immune elimina- 
tion of antigen(1-5). In rabbits, this immune 
elimination of antigen is associated with cir- 
culating antigen-antibody complexes(6,7) and 
with a fall in serum complement(8,9). The 
present serologic and histologic studies were 
undertaken to find whether the level and per- 
sistence of the complexes, in the circulation, 
and/or magnitude of the fall in complement 
could be correlated with extent of the asso- 
ciated morphologic manifestations of serum 
sickness. 

Materials and methods. Bovine serum al- 
bumin (BSA), Armour and Co., Lot No. 
P67908 was trace-labelled with I’?! (I*) ac- 
cording to the method described by Talmage 
et al.(10). Twenty-six albino rabbits, weigh- 
ing approximately 3 kg, were injected intra- 
venously with 250 mg of I*BSA/kg and bled 
(2.5-3.0 ml sera) every 1 to 2 days starting on 
either the first or third day following the in- 
jection. The sera were analyzed for total 
I*BSA, I*BSA bound to globulin, and com- 
plement. Total I*BSA activity was deter- 
mined by counting the protein-bound I* in 

* Supported by Atomic ‘Energy Comm. Contract 
AT(30-1)-1205. Authors are indebted to Miss Doro- 
thea Williamson and Miss Jane Dickenson for very 
capable technical assistance. 

+ Publication No. 153 of Department of Pathology, 
Univ. of Pittsburgh School of Medicine, Pittsburgh, 
Par 

} Public Health Research Fellow of Nat. Inst. of 
Neurol. Dis. and Blindness. 


aliquots of sera, following trichloroacetic acid 
precipitation. These counts were converted 
to % of injected I*BSA remaining in the to- 
tal blood volume(10). All samples contained 
sufficient counts to insure a maximum count- 
ing error of less than 5%. I*BSA present as 
a circulating I*BSA-anti BSA complex was 
determined by the ammonium sulfate technic 
of Farr(11). Aliquots of sera were diluted 
with equal volumes of 0.15 M NaCl and the 
globulin of these mixtures was precipitated at 
37°C with equal volumes of saturated am- 
monium sulfate. The precipitates were 
washed twice with 50% saturated ammonium 
sulfate and were counted for I*BSA activity. 
The counts were converted to % of injected 
BSA which was bound to the total serum 
globulin. The hemolytic activity of the sera 
(CH; units) was determined by the method 
of Osler e¢ al.(12). All animals which showed 
an immune elimination of the I* antigen be- 
fore the sixteenth day following injection were 
sacrificed 1 day after antigen was eliminated. 
With 2 exceptions, all other animals were sac- 
rificed on the 16th or 17th day. One rabbit 
which showed no immune elimination of anti- 
gen was sacrificed on the 14th day following 
injection of the antigen. Another rabbit which 
did not show an immune elimination until the 
18th day was sacrificed one day later. Tis- 
sues obtained at autopsy from all animals 
were fixed in formalin, embedded in paraffin, 
cut at 5 » and stained with hematoxylin and 
eosin for microscopic examination. From 
every animal the tissues taken for section in- 
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a = ; ; 
oe one or more blocks from each kidney the heart, including major coronary vessels 
n c ra ¢ ; a 4 ; 

and at least 2 blocks transecting the base of cardiac valves, and atrial and ventricular en- 


Es 


FIG. 1. Normal rabbit glomerulus. 
FIG. 2. Glomerulus from rabbit 5151 which had circulating complexes without accelerated 


elimination of antigen. This is an example of moderate glomerulitis with an increased number 
of endothelial and epithelial cell nuclei and searcity of patent glomerular capillaries. Same 
magnification as Fig. 1. 

FIG. 3. Glomerulus from rabbit 5270 showing 3+ glomerulitis. Marked proliferative 
changes making the glomerulus virtually bloodless. Same magnification as Fig. 1. 

FIG. 4. Base of mitral valve leaflet from rabbit 5151. Note proliferation of endocardium 


and inflammatory infiltrate in substance of valve. 


_ 
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docardium. Sections of these tissues were 
studied to determine incidence and degree of 
glomerulonephritis, arteritis, and endocarditis. 
In accompanying Table: + glomerulone- 
phritis indicates a mild hypertrophy and hy- 
perplasia of endothelial and epithelial cells; 
-+-++- glomerulonephritis involves most  glo- 
meruli and consists of moderate hyper- 
trophy and hyperplasia of glomerular cells 
with occlusion of many of the capil- 
laries (Fig. 2); +++. glomerulonephritis 
involves virtually all glomeruli with marked 
hypertrophy and hyperplasia of endothelial 
and epithelial cells leading to overall glomeru- 
lar enlargement, avascularity and obliteration 
of the capsular space with or without evidence 
of glomerular hemorrhage (Fig. 3); and 
+ -++-+--+ includes the previous changes plus 
evidence of focal glomerular necrosis. Arte- 
tial changes are graded from + to ++-+4-, 
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depending upon amount of intimal reaction, 
vascular necrosis, and inflammatory exudate, 
with -+ lesions showing only swelling of in- 
tima and slight focal inflammatory exudate 
and +-++-+ lesions showing almost com- 
plete fibrinoid necrosis of vessel walls and ex- 
tensive inflammatory reaction. Endocarditis 
usually consisted of mononuclear infiltration 
of mural or valvular endocardium, prolifera- 
tion of endocardial lining cells and occasional 
foci of subendocardial fibrinoid necrosis (Fig. 
4). Glomerular alterations have been used as 
a basis for correlation of morphologic and 
serologic developments in these rabbits. The 
characteristic proliferative change in glo- 
meruli is the most frequent morphologic mani- 
festation of serum sickness. Since serum sick- 
ness affects the kidneys more or less generally, 
the study of at least 1 complete cross section 
of each kidney would seem to afford an ade- 


TABLE I. Histologic and Serologic Changes in Rabbits Injected with 250 mg BSA per kg. 


-—Lesions of serum sickness——, Decrease Maximum 

Day of Endoear- in serum BSA in 

antigen Glomerulo- ditisand complement complex 

Rabbit No. elimination nephritis Arteritis valvulitis (% CHs) units) form* 
5271 11 Seale ele aioe 20 67 1.4 
5276 i SPopakse! ~ Seer a 65 17 
5150 12 sae ons a5 = aL 1.3 
5261 , ++ +444 +H 1.9 
5270 Slasleater ats eee qear 78 1.0 
5277 ie ee a ea 0 ae 9 
5153 13 +--+ 0 + 1.5 
5258 mM ouee foe sf 78 1.4 
5263 3 fee tee az seta 71 a4 
5264 14 0 he 0 66 1.5 
5152 15 0 0 0 di 
5259 4 ae fe 0 0 72 1.5 
5262 shots herd ee Sete 83 1.9 
5265 < 0 0 0 66 1.6 
5272 is +++ 0 0 61 1.6 
5273 2 aieete 0 0 4 
5274 gs qe aR ae 0 0 (al dee 
5154 Ibi + 0 0 5 
5149 18 0 0 0 a7) 
5268 t 0 0 0 0 
5269 t 0 0 0 Lal 
5275 t 0 0 0 ave 
5151 { Bate 0 ++ 0 3.5 
5260 § ai 0 0 0 5 
5266 § ++ 0 0 0 sth 
5267 § 0 0 0 0 iB 


*% of total BSA inj. 


t Antigen being eliminated by immune mechanism, but not completely removed at time of 


sacrifice, day 16, 


{ No detectable immune elimination of antigen, sacrificed day 14. 


§ Idem 


, Sacrificed day 16. 
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= an CHANGES IN A RABBIT (NO. 5151) SEROLOGIC CHANGES IN A RABBIT (NO. 5263) 
WITH 250 MG. | BSA PER KG. INJECTED WITH 250 MG. I'BSA PER KG. 
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0.3 — — CIRCULATING Wasa BOUND TO SERUM GLOBULIN 0.3 
02 0.2 
0.1 0.1 
© © 
FIG. 5 & 6. 
quate histologic sample of renal tissue. Ar- there was an increase in rate of elimination of 


terial and to a lesser extent endocardial le- 
sions, tend to be focal and their incidence is 
difficult to quantitate even on the basis of 
numerous histologic sections. However, in 
spite of this limitation, the severity of renal, 
vascular, and endocardial lesions recorded in 
the table are in fair agreement. 

Results. Both histological and serological 
results are given in the accompanying Table. 
As reported(13), the most severe renal and ar- 
terial lesions developed in rabbits eliminating 
antigen earliest. However, of the 4 rabbits 
showing no immune antigen elimination, 2 
(5151 and 5266) had significant glomerulitis 
(Fig. 2) and 1 (5151) had an extensive endo- 
carditis and valvulitis (Fig. 4). 

Since all animals (with the exception of 
rabbit 5268) had considerable amounts of cir- 
culating I*BSA-anti BSA complexes, no corre- 
lation could be made between presence or ab- 
sence of circulating complexes in the sera and 
development of lesions of serum sickness. 
However, the animals possessing the higher 
levels of complexes in their sera had a ten- 
dency to develop the more severe lesions 
(Table). Antigen-antibody complexes often 
appeared in the sera a day or more before 


the antigen, and in some animals they con- 
tinued to circulate in the blood for a consid- 
erable time without an associated immune 
elimination of the antigen. The 4 rabbits 
which showed no immune elimination of an- 
tigen possessed antigen-antibody complexes in 
their sera for periods of 6 to 8 days. Forty 
%, or more, of the circulating I*BSA present 
in these rabbits was free, and not in the form 
of antigen-antibody complexes. Fig. 5 gives 
data obtained from serum of rabbit 5151, 
which had no immune elimination of the 
I*BSA, but at one time had over 50% of the 
circulating I*BSA bound to globulin (anti- 
body), and developed glomerulonephritis and 
endocarditis. Fig. 6 shows data from serum 
of rabbit 5263, which had a complete immune 
elimination of antigen on day 13. This rab- 
bit had a considerable portion of antigen 
bound in the form of antigen-antibody com- 
plexes during the immune elimination, and on 
autopsy it had glomerulonephritis, arteritis, 
and endocarditis. 

The complement levels declined in all ani- 
mals showing an immune elimination of anti- 
gen (Table). This decline in complement 
accompanied, but never preceded, immune 
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elimination of antigen, even when a large 
amount of antigen-antibody complex was 
present in the sera (Fig. 5 and 6). However, 
this utilization of complement was not corre- 
lated with development of serum sickness in 
all animals. Rabbit 5265 showed a fall in 
complement without the appearance of lesions, 
on observation similar to that of Moll and 
Hawn(9). Rabbits 5151 and 5266 developed 
lesions without showing a fall in serum com- 
plement levels. 

Discussion. On the basis of present evi- 
dence, it would seem that while antigen-anti- 
body complexes are probably involved in 
pathogenesis of serum sickness(6,13), they 
do not, by themselves, always induce typical 
lesions of this disease. Almost all rabbits re- 
spond to large injections of BSA by making 
antibodies capable of forming complexes with 
the antigen, but all animals do not develop 
lesions. This failure of complexes per se to 
induce lesions is in line with the difficulty ex- 
perienced in producing the typical morpholo- 
gic picture of serum sickness by prolonged 
perfusions of rabbits with soluble antigen- 
antibody complexes in amounts compar- 
able to those found in active serum sick- 
ness(13). In mice repeated large injections 
of BSA-rabbit anti BSA complexes have given 
more consistent lesions of kidneys and cardio- 
vascular systems as reported by Benacerraf. 
Germuth and Pollack have been able 
to induce arterial and to a lesser degree 
renal lesions by passive transfer of anti- 
BSA to rabbits previously injected with 
the specific antigen(14). It was postulated 
that these lesions may have been the result of 
complexes which formed when the transferred 
antibody reacted with excess circulating an- 
tigen. However, the complexes formed under 
these conditions may differ greatly from those 
formed in active serum sickness, e.g., the anti- 
body transferred by Germuth and Pollack was 
obtained from hyperimmune rabbits, whereas, 
the antibody in active serum sickness usually 
results from a primary antibody response. 
The fact that the kind of complexes formed 
in active immunization varies from animal to 
animal(7), probably as a result of differences 
in quantity and quality of antibody formed, 
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may in part explain the variability in lesions 
among animals. It also may be that antigen- 
antibody complexes are only one of several 
elements essential in pathogenesis of serum 
sickness. 

Those animals in which complexes form and 
are eliminated earliest tend to have the most 
severe lesions of serum sickness. However, 
this relationship is not absolute and in 3 ani- 
mals with relatively early elimination of an- 
tigen, there were few, if any, lesions; and in 
2 animals not eliminating the complexes, there 
were lesions. The demonstration of circu- 
lating complexes was the only serologic evi- 
dence of an immune response in these latter 
animals. In a few instances, Hawn and Jane- 
way(4) observed serum sickness in humans 
and rabbits in the absence of an immune 
elimination of antigen from the blood or other 
evidence of an antibody response. It may 
have been that in these cases the host had re- 
sponded with antibodies capable of forming 
pathogenic complexes which were not elimi- 
nated from the blood. 

An insufficient production of antibody 
might be responsible for the ability of an- 
tigen-antibody complexes to exist, in the cir- 
culation, without being rapidly eliminated. It 
appears that the first antibody synthesized 
combines with the circulating antigen in great 
antigen excess and that the resulting com- 
plexes are not rapidly eliminated. This is 
evidenced by the presence of a considerable 
level of complexes in the circulation for sev- 
eral days prior to immune elimination of an- 
tigen in most of the rabbits. As additional 
antibody is synthesized, it probably combines 
with both the free antigen and the antigen in 
the complexes. A continuation of antibody 
synthesis would result in formation of larger 
complexes and, possibly, even aggregates of 
complexes. When complexes or aggregates of 
complexes reach a certain size they are prob- 
ably removed from the circulation by phago- 
cytic cells(15). In the rabbits, which pos- 
sessed circulating complexes, but did not have 
an immune elimination of antigen, total 
amount of antibody produced might have 
been too small to permit completion of this 
process. 


Serum complement did not appear to play a 
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consistent role in pathogenesis of serum sick- 
ness in the present experiment. Reduction of 
circulating complement has been associated 
with immune elimination of antigen and oc- 
currence of glomerulonephritis in animals in- 
jected with large amounts of foreign protein 
(8,9). In our animals, too, complement levels 
declined during immune elimination of anti- 
gen. Initiation of the drop in level of circu- 
lating complement always coincided with the 
beginning of immune elimination of antigen. 
That the fall in complement levels depends 
upon more than interaction between antigen 
and antibody is evident in those animals with 
circulating complexes, but without a fall in 
complement or an immune elimination of an- 
tigen. It cannot be determined by the present 
data whether immune elimination might cause 
fixation of complement or whether fixation of 
complement, to circulating complexes, might 
result in immune elimination. Whatever the 
relationship between complexes and comple- 
ment, utilization of serum complement was 
not always correlated with development of le- 
sions of serum sickness. One rabbit showing 
a definite fall in complement, associated with 
immune elimination of antigen, had no de- 
tectable morphologic lesions. On the other 
hand, the development of lesions occurred 
without measurable participation of serum 
complement in 2 rabbits. 

Summary. Neither the level of antigen- 
antibody complexes in the serum nor amount 
of complement utilized during the responses 
of rabbits to large injections of BSA could be 
correlated consistently with either the devel- 
opment or severity of the lesions of serum 
sickness. Almost all rabbits responded to 
large injections of BSA by making antibodies 
capable of forming complexes with circulating 
antigen yet only 4 of them developed sig- 
nificant lesions. On the whole those animals 
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making the earliest responses and eliminating 
the complexes most rapidly had the most se- 
vere lesions; but some animals in which com- 
plexes were not eliminated rapidly from the 
blood also developed lesions. Likewise com- 
plement did not appear to be utilized in some 
rabbits which developed lesions and in some 
rabbits showing a fall in complement no le- 
sions were found. Thus, it would appear that 
either there are other factors in addition to 
complexes and complement which are essen- 
tial in the pathogenesis of serum sickness or 
that the complexes vary in their properties 
from animal to animal and that some of these 
complexes are more pathogenic than others. 
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ema Effect of Certain Benzimidazoles and Benzenes on Early Chick 


Embryo.*t 


(24305) 


UNABELLE Boccs BLAcKWoop? AND Mary S. SHORB 
Department of Poultry Husbandry, University of Maryland, College Park 


Little is known of the biochemical mechan- 
ism(s) interrupted by the benzimidazoles. 
Unsubstituted benzimidazole inhibition in 
yeast is reversed by adenine and guanine(1), 
but the 2, 5-alkylbenzimidazoles are only par- 
tially reversed by Vit. B,2(2,3). A character- 
istic order of inhibitory activity has been 
found in several biological systems(2,4-8) in 
which 2-ethyl-5-methylbenzimidazole is con- 
siderably more active than either the 2, 5-di- 
methyl or 5, 6-dimethyl analogues and all 
alkyl analogues are more active than unsub- 
stituted benzimidazole. However, increasing 
the alkyl chain past 2 carbons in the 2 posi- 
tion does not further increase inhibition of in- 
fluenza virus multiplication(4). Dimethyl- 
diaminobenzene (a degradation product of 5, 
6-dimethylbenzimidazole and By2) and _ its 
analogue, dichlorodiaminobenzene, also have 
characteristic orders of inhibition depending 
upon the Vit. By. requirement of the system 
being inhibited. Dichlorodiamine inhibits 
synthesis of Vit. By. and riboflavin in micro- 
organisms(9) and inhibits the growth of non- 
requiring-B;. and/or riboflavin microorgan- 
isms but has no effect on organisms 
(including mice) which require these vita- 
mins(10). The opposite is true of dime- 
thyldiamine; it reverses the dichlorodia- 
mine or dibromodiamine in microorganisms 
able to synthesze the vitamins(3,10) and in- 
hibits those organisms which require an exo- 
genous source of Vit. Byo(11). However, in 
virus inhibition the dichlorodiamine is only 
slightly more effective than the dimethyldia- 


* Scientific Article No. A-705. Contribution No. 
2933, Maryland Agri. Exp. Station (Dept. Poultry 
Husbandry). 

+ All compounds used in this study except methyl- 
amide were supplied by Drs. David Hendlin and 
Karl Folkers, Research Laboratories, Merck & Co., 
Rahway, N. J. The authors are also indebted to 
them for helpful suggestions. 
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low. 


mine and the 2 are equally toxic to the chorio- 
allantoic membrane(12). 


In our study the order of lethality of the 
benzimidazoles to the early chick embryo is 
identical to that found in virus inhibition and 
the order of the benzenes is the same as that 
found in organisms able to synthesize Vit. By. 


Materials and methods. In addition to pre- 
viously mentioned benzenes, the benzimida- 
zole analogues; 5, 6-dimethyl, 2, 5-dimethyl, 
2-ethyl-5-methyl and 2-hepta-5-methyl; and 
methylamide (an inhibitor of Vit. By. in mi- 
croorganisms) (13,14) were studied as lethal 
agents in early chick embryo. The effect of 
Vit. B,» on 3 of the compounds was tested. 


The benzimidazoles and benzenes were 
completely dissolved in dilute HCI (0.06-0.13 
N), 10 mg per ml, then diluted with double 
distilled water (used throughout) to the con- 
centration injected into the egg (Table I). 
Methylamide and Vit. B,. were dissolved in 
water. The benzimidazoles and Vit. By were 
autoclaved for 10-15 min. at 15 lb pressure 
before injection, but the benzenes, because of 
their unstable nature, were autoclaved dry 
and dissolved in sterile HCl. 

Eggs from 2 strains of White Leghorns, Mt. 
Hope and random bred, were used. The eggs 
were never stored for more than 3 days pre- 
vious to injections. Groups of 10 to 25 eggs 
were used per treatment. Each egg was 
dabbed with tincture of iodine, wiped with 
70% ethanol, punctured with a mechanical 
egg shell puncher, and injected through the 
air cell into the albumen with a sterile #27 
needle mounted on a 1 ml syringe with marked 
plunger. Each egg received 0.1 ml solution. 
The eggs were immediately incubated in 
Jamesway forcedraft incubators at 99-100°F. 
They were candled the fifth day of incubation 
and daily thereafter until the 18th day. Each 
infertile or dead embryonated egg was re- 
moved and opened for examination. The per- 
cent dead of fertile eggs per experimental 


INHIBITORS IN THE CuHIcK EMBRYO 


233 


TABLE I. Lethal Effect of Several Inhibitors on Chick Embryos following Injection into Eggs 
Prior to Ineubation. 
—<—<—<$<$—<—______________C_—_—-— 


No.of Totalfer- %dead Lethal 
No. Compound uM/egg groups tileeggs 18 days index* 
None —_ 4 132 5.4 — 
(38-10) 
HCl (.06-.13 N) 1 ml 11 142 7.9 _ 
(0-22) 
1. Methylamide 13.6 iy 17 0.0 0 
a 16.9 il 19 26. 1.5 
169.5 il 15 13. ail 
2. 1,2-Dimethyl-4,5-diaminobenzene 3.7 1 18 8. 2.1 
i 5.5 1 15 20. 3.6 
7.3 a 15 20. 2.7 
3. —-:1,2-Dichloro-4,5-diaminobenzene ise)s) 3 48 14.3 7.2 
(14-15) 
rs 2.8 4 60 33.7 JUL) 
(13-67) 
4. 5,6-Dimethylbenzimidazole 3.4 i! 13 15. 4.4 
e 4.8 i 13 23. 4.8 
a3 6.8 1 14 14. 2.0 
5.  2,5-Dimethylbenzimidazole Ue) 3 50 23.3 14.0 
(1.4-2) (20-25) 
i 3.1 5 60 24.0 lent 
(2.7-3.4) (6-40) 
5.6 3 36 13.3 2.3 
(4.8-6.8) (0-30) 
6. 2-Hepta-5-methylbenzimidazole 1.3 2 33 20.5 15.8 
(12-29) 
si 2.2 3 51 29.3 13.4 
(26-31) 
% 3.0 3 46 51.0 16.8 
(25-69) 
Oct.-Nov.; random bred, white leghorn 
7.  2-Ethyl-5-methylbenzimidazole 2.19 2 34 29.0 13.2 
(25-33) 
és 3.12 2 38 37.5 12.0 
(31-44) 
Feb.-March; Mt. Hope, white leghorn 
4 62 2 26 31.0 35.5 
(20-22) 
ie 1.25 2 23 40.0 32.0 
(30-50) 
2.19 2 20 65.0 29.7 
(60-70) 
e 3.12 3 37 59.0 19.0 
(55-64) 
* Lethal index expresses % dead/yMol inhibitor. ( ) = Range of individual group results. 


group was, in each case, averaged. For com- 
parison of inhibitors a lethal index (indicating 
dose effectiveness) was devised by dividing 
‘percent dead embryos by the number of mi- 
cromoles of inhibitor per egg. Vit. By. and 
various normalities of HCl required to dis- 
solve the highest concentration of inhibitors 
served for control injections. 

Results. Table I shows that injection of 


dilute HCl produced only slightly greater 
mortality than found in noninjected controls. 
Thus the HCl in which inhibitors were dis- 
solved cannot be considered to be a significant 
factor in producing the mortality found in 
inhibitor groups. | When dose size of com- 
pounds, particularly 3, 6, and 7, was increased, 
mortality also increased but the lethal index 
decreased or increased depending on the in- 
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hibitors (Table I). The relationship of lethal 
index to change in dose size also varied with 
other inhibitors (Table I), thus making it 
difficult to compare the compounds as lethal 
agents. However, by averaging the lethal in- 
dices the compounds are rated in the follow- 
ing order given with their respective averaged 
values: methylamide, 0.5; 1, 2-dimethyl-4, 5- 
diaminobenzene, 2.8; 5, 6-dimethylbenzimi- 
dazole, 3.7; 2, 5-dimethylbenzimidazole, 8.0; 
1, 2-dichloro-4, 5-diaminobenzene, 9.5; 2- 
ethyl-5-methylbenzimidazole, 12.6 (Oct.-Nov., 
random bred); 2-hepta-5-methylbenzimida- 
zole, 15.5; and 2-ethyl-5-methylbenzimida- 
zole, 29.0 (Feb.-Mar., Mt. Hope). 

The lethal effect of 2-ethyl-5-methylbenzi- 
midazole, but that of no other inhibitor, could 
be correlated with seasonal or genetic differ- 
ences or both. This inhibitor had consider- 
ably greater effect when injected into Mt. 
Hope eggs during Feb. and Mar. than when 
injected into random bred eggs during Oct. 
and Nov. (Table I). 

Vit. By. (100-500 ug) injected alone pro- 
duced an average of 3.3% mortality with a 
range of 0-10%; these values do not differ 
from those found in noninjected controls 
(Table I). Bis is, therefore, nonlethal at 
these levels. By. at high levels had no effect 
on mortality produced by 2-hepta-5-methyl- 
benzimidazole and 1, 2-dichloro-4, 5-diamino- 
benzene, but it decreased mortality produced 
by the 2-ethyl-5-methyl analogue under con- 
ditions resulting in greater lethality of this 
compound; 7.e., when 100 pg Bye (but not 
50 pg) with 2.19 mcMol inhibitor were in- 
jected during Feb. and Mar. into Mt. Hope 
eggs, the mortality decreased from 65 to 
40%; also, 250 pg By with 3.12 mcMol in- 
hibitor reduced mortality from 56 to 33%. 
However, Bi, had no effect when the same 
combinations of B,. and inhibitor were in- 
jected into random bred eggs during Oct. and 
Nov. Unpublished data on the 1'4-day-in- 
cubated egg gave essentially the same results. 

Discussion. The seasonal and/or genetic 
variation in lethality of 2-ethyl-5-methylben- 
zimidazole and the reversal by B,, may be due 
to seasonal and genetic dependent variation 
in deposition of Vit. Bz in the yolk by the 
hen. A normal seasonal variation in By,» de- 
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position has been reported(15) in which there 
is greater deposition in the fall than in winter 
and spring. This is in accordance with the 
seasonal variation found in our investigatons. 
The large amounts of By. required to affect a 
response could be due to binding of By. by 
the egg albumen, but further work is needed 
to clarify this point. The data presented here 
are not adequate to determine whether the 
variation found with 2-ethyl-5-methylbenzimi- 
dazole is predominately related to seasonal or 
genetic differences or both. However, Lan- 
dauer(16) found lethal and teratogenic action 
of compounds in chick embryos to be related 
to both seasonal and genetic differences. 

The failure of 2-hepta-5-methylbenzimida- 
zole to show greater lethality than 2-ethyl-5- 
methylbenzimidazole makes the relative order 
of activity of benzimidazoles exactly the same 
as that found with the virus multiplication in- 
hibitory work(4); this would seem to indi- 
cate that the same mechanisms are interrupted 
in the early embryo as in virus multiplication. 
The relative lethality of the benzenes, how- 
ever, did not agree with the virus work, nor 
with the toxicity to the chorioallantoic mem- 
brane taken from 10-day embryos(12), nor 
inhibition of By. requiring microorganisms 
(11), but did agree with the inhibition of 
microorganisms which are able to synthesize 
Vit. By and riboflavin(9,10). The implica- 
tion is, thus, that the early embryo synthe- 
sizes Vit. Byo and/or riboflavin. Work with 
By» deficient eggs(17) and By». levels in the 
yolk and embryonic tissue(15) indicate that 
the chick embryo either does not require By». 
during the first week of incubation or is able 
to synthesize it. It should be noted, in this 
connection, that the 3 compounds which are 
natural moieties of Vitamin By, methyla- 
mide, 1, 2-dimethyl-4, 5-diaminobenzene, and 
5, 6-dimethylbenzimidazole, were the least 
lethal of the compounds tested. 

Summary. (1) The lethality of 7 inhibitors 
structurally related to Vit. By. was deter- 
mined in chick embryos by injecting several 
doses of each of them into the albumen prior 
to incubation. (2) Vit. By. alone was non- 
lethal and failed to influence the lethality of 
2-hepta-5-methylbenzimidazole and 1, 2-di- 
chloro-4, 5-diaminobenzene. (3) Lethality 
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of 2-ethyl-5-methylbenzimidazole as well as 
its partial reversal by high levels of Vit. By 
varied with seasonal and/or genetic differ- 
ences. (4) The relative order of lethality of 
benzimidazoles was the same as in virus in- 
hibitory work, while that of benzenes was the 
same as the inhibition of microorganisms 
which synthesize By. and/or riboflavin. (5) 
The 3 inhibitors which are natural moieties of 
Vit. By2, methylamide, 1, 2-dimethyl-4, 5- 
diaminobenzene, and 5, 6-dimethylbenzimida- 
zole, were the least lethal of the compounds 
tested. The implications of these findings are 
discussed. 
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(Introduced by John F. Kent) 


(With technical assistance of Marjorie Hulett and Anne Leone) 
Division of Laboratories and Research, New York State Department of Health, Albany 


The successful use of sensitized latex par- 
ticles(1) in an agglutination test for rheuma- 
toid arthritis(2) suggested applications in the 
serodiagnosis of leptospirosis. Latex-lepto- 
spiral suspensions were found to form macro- 
scopic specific aggregates with hyperimmune 
rabbit serum, and the study was extended to 
the human infection. This report gives de- 
tails of the technic, and compares results of 
the latex agglutination test with those ob- 
tained in standard agglutination-lysis and mi- 
croscopic agglutination tests. 

Materials and methods. Polystyrene latex 
particles (diameter, 0.81 », in 11% aqueous 
suspension)* were diluted 1:10 in distilled 
water, filtered through Whatman #40 paper 
to remove any aggregates, then adjusted with 
water until a further 1:100 dilution in gly- 

* Kindly provided by the Dow Chemical Co., Mid- 
land, Mich. 


cine-buffered saline solutiont had an optical 
density of 0.25 + 0.01 at 650 mp. The op- 
tical density measurements were made in 12 
x 75 mm cuvettes, using the Coleman Jr. 
Spectrophotometer 6A with adapter 6.106. 
Leptospiral suspensions were prepared from 
7-day-old cultures in modified Korthof’s me- 
dium with yeast extract(3). The organisms 
were killed by overnight exposure to formalin, 
which was added to give a final concentration 
of 0.5%. They were then concentrated by 
spinning 20 min. at 13,000 G, washed twice 
with formalinized (0.5%) 0.85% NaCl solu- 
tion (FS), and resuspended in about 1 ml 
FS per 100 ml original culture. The concen- 
trate was homogenized, using a tuberculin 
syringe with 22 gauge needle, and spun 3 min. 

# One liter of aqueous solution contained 10.0 gm 
NaCl, 7.31 gm NH,CH,COOH, and 3.5 ml NaOH 
(1 N); pH was 8.2 at 25°C. 
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TABLE I. Standardization of Latex-Leptospiral Antigen. 


_——— Reaetivityt with-—_——— 


Leptospiral Antiserum diluted 1: Normal sera 1:100 : 
suspension -— ———-- Saline 
added* 4t 8 16 32 64 128 AS Cc D E solution 

2.0 4 4 4 3 3 3 1 1 1 — —_ 3 

1.5 + 4 3 2 1 2 + + + —_ —_— 2 

1.0 4 3 2 1 —_- — —- — — — -— ~~ 

8 4 3 2 at + — —- —- — oo — -— 

6§ Oy Neti ey gy Nn ee = 

4 A Ma ae ee Bee sa eas 2 

2 4 3 3 2 2 2 1 1 1 _— — 3 

<a) 3 2 2 2 u 1 1 1 1 — —_ 3 


* ml/0.1 ml standardized latex suspension. 


+ Numerical values represent degree of agglutination; negative sign (—), no reaction. 


TEL 
§ Optimal volume for diagnostic tests. 
at 125 G to sediment any large aggregates. 
The supernate was adjusted finally with FS 
to an optical density of 0.60 + 0.01 at 420 
mu. The optimal concentration for diagnos- 
tic tests was determined by adding increasing 
volumes (0.1 — 2.0 ml) to 0.1 ml aliquants of 
standardized latex suspension and diluting to 
10.0 ml with glycine buffered saline solution 
(GBS). The resulting antigens were tested 
against human antisera diluted serially in 
GBS. Equal volumes (1.0 ml) of serum and 
antigen were mixed in 12 x 75 mm tubes, the 
tubes corked, and the contents incubated 90 
min. at 56°C. Following incubation the 
corks were removed and the tubes spun 3 
min. at 1000 G. The contents were then ex- 
amined by transmitted light against a dull 
black background, the aggregates being kept 
suspended by briskly tapping the tubes with 
the fingertips. Degrees of agglutination were 
recorded in the conventional notation (+ to 
4+). Table I gives results of a representa- 
tive antigen standardization. The given serum 
dilutions take into consideration the final 2- 
fold dilution by antigen. Sera of healthy in- 
dividuals, who served as controls, were tested 
at the lowest dilution (1:100) used for diag- 
nostic tests. Excess or deficiency of lepto- 
spiral suspension predisposed to spontaneous 
agglutination, as well as to pseudo-reactions 
with normal sera. However, there was an 
intermediate specific zone in which reactivity 
varied inversely with volume of leptospiral 
suspension. Optimal volume was the smallest 
in this range; ordinarily it approximated 0.5 
ml. Larger volumes of latex-leptospiral an- 


tigen prepared for diagnostic tests contained 
the components in the same proportion. 
Freshly-prepared _latex-leptospiral antigen 
was visibly particulate, but appeared less 
definitely so when diluted with test serum. 
Preliminary “aging” reduced the particulate 
appearance, the antigen becoming stabilized 
over a period of 10-14 days, and remaining 
constant in reactivity for at least 2 years. The 
pool of leptospirae used in preparing latex an- 
tigen for qualitative screen tests contained L. 
icterohemorrhagiae, L. pomona, and L. cani- 
cola suspensions in equal volume. These were 
the serotypes most frequently encountered in 
our own serodiagnostic practice, and as a pool 
exhibited a high degree of cross reactivity with 
antisera representing 17 other serotypes. Sera 
used in evaluating sensitivity of the tests fell 
into 2 categories; 1) paired specimens from 
patients with leptospiral infections verified by 
isolation and identification of the inciting 
agent, and 2) single specimens from patients 
with clinical leptospirosis confirmed by serolo- 
gic tests. The former were obtained through 
Miss C. McComb} from Dr. J. T. Tonge’, 
who provided ancillary data on the inciting 
serotypes, days of illness, and agglutination- 
lysis titers. The latter were encountered in 
serodiagnostic practice, and were subjected to 
microscopic agglutination tests by Dr. N. 
Hirschberg.|| The indispensable and generous 


+ Harvard School of Public Health, Boston, Mass. 


§ Dept. of Health and Public Affairs, Brisbane, 
Australia. 


| State Laboratory of Hygiene, Raleigh, N. C. 
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TABLE IL. Comparison of Latex-Agglutination (L-A) Serum Reactions with Agglutination- 
Lysis (A-L) or Mieroscopic-Agglutination (M-A) Reactions in Human Leptospirosis. 


-—Serum reactions —, 


Quantita- 
Leptospira tive* L-A 
isolated Daysill A-L L-A _ sereent 
Australis A 2 —_ _- — 
39 300 —_- — 
3 = - Se fale 
38 3,000 1,600 R 
5 —- — 
82 1,000 1,600 —(R) 
7 400 —(R) 
86 100 200 R(R) 
2 = 400 —(R) 
83 300 100 —(R) 
4 <a 
25 3,000 12,800 
45 3,000 12,800 R 
3 aa — = 
75 300 —_— R 
Australis B 7 = 
44 100 =61,600 R 
3 — 100 — 
22 300 25,600 R 
3 a = 
72 1,000 = 
3 — — 
41 300 200 R 
5 = 406 9 
52 ©=«:1,000 «= 3,200 R 
1 pas == 
46 300 200 R 
4 — 400 —(—) 
53 100 400 —(R) 
3 — — 
67 100 400 R 
4 — 800 —(R) 
23 300 800 R(R) 


-—Serum reactions—, 


Quantita- 
Leptospira tive* L-A 
isolatedt Daysill A-L L-A sereent 
“*Kremastos’? 2 — 
32 R 
” 3 _= 
57 100 R 
hyos 4 -— 
52 300 66,400 R 
pomonas 8 —- 100 R 
21 1,000 3,200 R 
“aS 6 — 200 — 
22, 1,000 3,200 R 
”? § 6 — aa =o 
22 1,000 1,600 R 
” 2 a _—— aif 
45 300 800 R 
” 9 —— a> —— 
40 100 800 R 
‘Robinson’? 3 — _— 
21 10 R 
Quantitative 
M-A 
bataviae§ 
41 1,600 3,200 R 
canicola§ 
32 6,400 12,800 R 
ictero.§ 
44 6,400 12,800 R 
pomonas 
77 3,200 6,400 R 


* Titers are reciprocals of highest dilutions reacting (2+ to 4+) with respective homolo- 


gous antigens. 


+ Reactive (R — 2+ to 4+) or non-reactive (negative sign = + to 1+) at a final 1:100 
dilution with an antigen in which leptospiral component was pooled L. ictero., L. pomona, and 
L. canicola. Results in parentheses represent repeat tests in which L. canicola was replaced with 


homologous leptospirae. 
¢ Except in cases designated § (q.v.). 


§ Leptospirae not isolated; diagnosis based on serologic tests. 


contributions of these collaborators are grate- 
fully acknowledged. The control sera used 
in evaluating the specificity of the latex tests 
were from healthy individuals, and from pa- 
tients with syphilis. All were stored at —20°C. 
Serial 2-fold dilutions in GBS, beginning at 
1:50, were prepared for quantitative tests 
with homologous antigen, and a 1:50 dilution 


served for qualitative screen tests with pooled 
antigen. The testing procedure has been de- 
scribed under antigen standardization. Sera 
were designated reactive (2+ to 4+ agglu- 
tination) or non-reactive (— to 1+ agglutina- 
tion). Titer was expressed as the reciprocal 
of the highest reactive dilution; numerical 
value, as in the agglutination-lysis and micro- 
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scopic-agglutination tests, took into account 
the final 2-fold dilution of serum by antigen. 

Results. Results obtained in quantitative 
latex-agglutination (L-A) tests of human sera 
are compared in Table IT with those of agglu- 
tination-lysis (A-L) and microscopic-agglu- 
tination (M-A) tests conducted in other lab- 
oratories; 30 individuals are represented. L-A 
titers with few exceptions were higher than 
those of standard A-L or M-A tests, the 
greater sensitivity of the test in some instances 
making the difference between reactivity and 
non-reactivity, and revealing antibody before 
it was detectable by standard procedures. A 
qualitative L-A screen test in which the anti- 
gen component was pooled L. icterohemor- 
rhagiae, L. pomona, and L. canicola was eval- 
uated with the same sera. Although the com- 
ponent leptospirae were present at one-third 
the optimal concentration for quantitative 
tests, reactions(R) were observed in all 8 
cases of homologous infection. Reactivity 
was also observed in 16 (76%) of 21 patients 
whose infections were caused by other lepto- 
spiral serotypes such as australis A or B, 
“Kremastos’’(4), /vos, “Robinson” (4), and 
bataviae. The screen test failed to detect 
antibody in 5 of 16 cases of australis A or B 
infection. The initial negative result, how- 
ever, was reversed in 3 instances by replacing 
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the L. canicola component of the antigen with 
homologous leptospirae. There was insuf- 
ficient serum to retest the others. The speci- 
ficity of the latex agglutination reaction was 
examined in tests of 162 healthy and 14 sy- 
philitic individuals. Three of the former re- 
acted, but only at the lowest final dilution 
(1:100) tested; the remainder were sero- 
negative. The latex-agglutination tests thus 
compared favorably in sensitivity and speci- 
ficity with standard agglutination-lysis and 
microscopic-agglutination tests. They had 
additional advantages in simplicity and ra- 
pidity of performance, and in the use of a 
stable, noninfectious antigen. 

Summary. The reaction of leptospiral an- 
tisera with an antigen composed of polysty- 
rene latex particles and formalin-killed lepto- 
spirae provides the basis for a simple, macro- 
scopic tube agglutination test for leptospirosis. 
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Gas-Liquid Chromatography of Highly Unsaturated Fatty Acid 


Methyl Esters.* 


(24307) 


W. STorFEL, W. INsutt, Jr., AND E. H. AHRENS, JR. 


The Rockefeller Institute, N. Y. 


Biochemical studies of fatty acid meta- 
bolism have been given great impetus by the 
development of gas-liquid chromatography 
(GLC) by James and Martin(1). This 
method permits microgram mixtures of me- 
thyl esters of fatty acids to be resolved when 
these esters are volatilized and distributed be- 
tween a moving carrier gas (nitrogen or ar- 
gon) and a stationary liquid phase. At the 


* Aided in part by grants from the U, S, Public 
Health Service and Nutrition Fn, 


City 


high temperatures (up to 200°C or more) re- 
quired for volatilization, degradation of. sat- 
urated fatty acid esters has not been encoun- 
tered, but the possibility that the double bond 
structure of highly wmsaturated esters might 
be altered under these conditions has not 
been ruled out. In view of growing interest in 
the biologic role of unsaturated fatty acids as 
integral parts of certain enzymes(2) and in 
human nutrition(3), it seemed imperative to 
inyestigate the stability of these acids during 


A 


Ny 
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TABLE I. Chemical Structure and GLC Charac- 
teristics on 2 Stationary Phases of Unsaturated 
Fatty Acids of Natural Origin.* 


Apparent reten- 
tion vol relative to 
stearic acid methyl 

ester = 1.00 at 


197°C 

Fatty acid Position of Apiezon Reoplex 
methylesters double bondst M 400 
Cy. saturated Al 53 
monoenoie 8 37 -60 
9 37 .60 
dienoic 6,9 36 68 
9,12 SOR 74 
trienoic 6,9,12 32 84 
tetraenoie 6,9,12,15 31 1.04 
C,, saturated 1.00 1.00 
monoenoie 9 87 1,12 
dienoic 9,12 .76 1.35 
6,9 .76 1.35 
trienoic 9,12,15 aiits 1.58 
tetraenoic 6,9,12,15 12 1.84 
Cw. saturated 2.44 1.90 
dienoic t 1.88 2.05 
trienoic t 1.64 2.29 
tetraenoie 8,11,14,17 1.46 2.83 
pentaenoic 5,8,11,14,17 1.46 3.60 
C. saturated 5.95 3.60 
pentaenoic 7,10,13,16,19 not done 6.60 
hexaenoic 4,7,10,13,16,19 3.00 7.34 


* All acids except the C. group were isolated 
from menhaden body oil and characterized as pre- 
viously deseribed(4). C. acids were generously 
supplied by Prof. E. Klenk, Cologne, Germany, 
having been isolated from herring oil. 

t Numbered from carboxyl carbon. 

t Double bond structure not yet clarified. 


analysis by GLC. The present report demon- 
strates that highly unsaturated long chain ali- 
phatic fatty acid methyl esters are exceedingly 
stable when chromatographed under James 
and Martin’s conditions. In addition, GLC 
analytical data needed for identification of 17 
of these esters in mixtures of biologic origin 
are presented. 

Materials. The unsaturated long chain 
acids listed in Table I were isolated and their 
structures identified by procedures described 
elsewhere(4). For the most part the acids 
were derived from a specially prepared sam- 
ple of menhaden body oilt used by us in hu- 
man nutritional studies(5). 


+ Generously supplied by Dr. T. M. Miller, Marine 
Chemurgics, Morehead City, N. C. 
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Methods. GLC was carried out essentially 
as described by James and Martin(1) using 
the ionization chamber detector of Lovelock 
and James(6) vapor-jacketed at 197°. The 
mobile phase, argon, was applied at a pressure 
of 67 cm Hg. Each 4-foot column was packed 
with 5 g of acid-washed, alkali-treated Celite 
545 (mesh 140-200). Two stationary phases 
were studied, the non-polar hydrocarbon 
vacuum grease Apiezon M(1) and the polar 
polyester Reoplex 400(7). The Apiezon col- 
umn contained 0.8 g Apiezon; with a flow 
rate of 52 ml A/min this column had an ef- 
ficiency of 3500 plates at methyl stearate (re- 
tention time of 60 minutes). The Reoplex 
column contained 2 g of Reoplex 400 and had 
a column efficiency of 2060 plates at methyl 
stearate (retention time of 21 minutes, flow 
rate 52 ml A/min). Both columns were con- 
ditioned at 197° by flushing with nitrogen ap- 
plied at 67 cm Hg pressure for at least 3 days 
before analytical use. All relative retention 
volumes were calculated from apparent reten- 
tion times (— time from air peak to center of 
symmetrical elution curve). Esters were re- 
covered after chromatography by leading the 
effluent gas from the detector into a glass 
tube loosely packed with defatted cotton mois- 
tened with absolute methanol. The decom- 
position of organic vapor passing through this 
detector has been estimated to be about one 
in 10° molecules(8). 


Stability studies. A. Criteria. Our stability 
studies have been limited to date to GLC on 
the non-polar stationary phase, Apiezon M. 
For proof of complete stability we demanded: 
quantitative recovery of acids applied to the 
column, no change in retention volume of me- 
thyl esters repeatedly re-chromatographed, no 
production of trans double bonds as shown by 
infrared spectroscopy(9), no formation of 
conjugated double bonds and no alteration in 
specific extinctions in the ultraviolet range 
after isomerization in alkali(10), and, finally, 
no alteration in double bond positions as 
shown by identification of fragments produced 
by ozonolytic degradation (4). 

B. Results. The most highly unsaturated 
ester in each chain length group (Table I) 
was studied. Quantitative recovery of 2-10 
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mg of each of the 4 esters was demonstrated 
by microgravimetric analysis of the products 
applied to the column and recovered from the 
effluent trap. Test runs varied from 1-3 hours. 
Over these periods there was no detectable 
“bleeding” of the Apiezon M stationary phase, 
as shown by absence of weighable residue in 
traps applied to the uncharged column for 3 
hours. These gravimetric analyses were con- 
sidered accurate to 1% or better (with sam- 
ples of 2 mg and balance sensitivity of + 0.01 
mg(11)). 

Relative retention volumes of the 4 esters 
were determined individually by applying 
small charges (1/16 yl) of each together with 
the respective saturated homolog and methyl 
stearate. The unsaturated esters were trapped 
and re-run. There was no change in relative 
retention volume of each ester after 2 re-runs. 


Infrared and ultraviolet spectra of each of 
the 4 esters, before and after GLC on Apiezon 
M, were almost identical. Infrared patterns 
showed no evidence of cis——>trans isomeriza- 
tion. Ultraviolet spectra of esters in concen- 
trated solutions (1 mg/2 ml methanol) 
showed only slight increases in conjugated 
double bonds: the Cy,-tetraenoic fraction 
showed an increase of di-, tri- and tetraene 
conjugation of less than 1%; the Coo-pentae- 
aoic acid conjugation rose from 1 to 2% in 
the diene region only; the Cso-hexaenoic acid 
showed an increase in diene conjugation from 
6 (before) to 10% (after GLC) without con- 
jugation in the higher polyene regions. After 
isomerization in alkali(10), the 4 chromato- 
‘raphed esters showed ultraviolet spectra 
which were qualitatively and quantitatively 
identical to those of the original esters. 


Two polyenoic acids were degraded by mi- 
cro-oxidative ozonolysis(4) before and after 
GLC on Apiezon M. The dicarboxylic acids 
oroduced were methylated(12) and chroma- 
tographed on Apiezon M at 78°. In the case 
of both samples of C;s-tetraenoic acid, adipic 
and malonic acid di-methyl esters were iden- 
tified as sole dicarboxylic acids, while with the 
Coo-pentaenoic acid only glutaric and malonic 
acid di-methyl esters were found before and 
after GLC. These studies showed that the 
methylene-interrupted double bond structure 


of the 2 acids (divinyl methane rhythm) was 
not altered by GLC, and that the positions of 
the double bonds along the chains had not 
shifted. 

Retention volumes relative to methyl stear- 
ate (= 1.00) are presented in Table I for 
all polyenes studied. On Apiezon M the un- 
saturated esters precede their saturated homo- 
logs through the column, but the separations 
of the individual polyenes from each other are 
not always clean. On Reoplex 400, on the 
other hand, the polyenes follow their saturated 
homologs, as shown by Orr and Callen(7,13), 
and separations within each chain length 
group are excellent. 

Fig. 1 graphs the logarithms of retention 
volumes relative to methyl stearate (= 0) 
when Reoplex 400 is the stationary phase. 
The heavy diagonal line shows linear relation- 
ship with molecular weight in the case of the 
saturated homologs. Logarithms of relative 
retention volumes of unsaturated acid ester 
groups are shown in dashed lines. Five points 
deserve comment: 1) relationship between 
these logarithmic values and number of dou- 
ble bonds in each chain length group ap- 
proaches linearity; 2) even-numbered unsat- 
urated acids overlie the next higher odd-num- 
bered and branched-chain acids; 3) there are 
overlaps between Cy,-tetraene and normal 
Cy s-saturate, between C;;-tetraene and normal 
Cyo-saturate, between Coo-pentaene and nor- 
mal Cyo-saturate. 4) Cso-monoene would not 
be expected to separate from Cu-saturate; 
5) the only isomers separated under these con- 
ditions were the two C,¢-dienes. 


The fact that both non-polar and polar sta- 
tionary phases fail to accomplish complete 
separations of the acids studied here warns 
against reliance upon any single stationary 
phase for complete definition of the fatty acid 
composition of biological mixtures. However, 
the different chromatographic characteristics 
of the two phases are complementary and can 
be used to advantage. In this laboratory com- 
plex mixtures have been advantageously re- 
solved by preparative runs (10 pl) on Apiezon 
M with trapping of effluent fractions between 
successive even-numbered esters. Analytical 
runs of these fractions (14-1 yl) on Reoplex 
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FIG. 1. Logarithms of retention volumes of long 
chain fatty acid methyl esters relative to methyl 
stearate (— 0); GLC at 197° on Reoplex 400 as 
stationary phase. Saturated normal homologs are 
shown by diagonal solid line. Groups of unsatu- 
rated acids are plotted in dashed lines. No. after 
colon indicates double bonds in acids of stated 
chain length (i.e. 16:4 = C,,.-tetraenoie acid methyl 
ester). 16:2a = hexadeca-9,12-dienoic, 16:2b — 
hexadeca-6,9-dienoie acid. 


400 serve to separate the mixtures in each. 
For example, in analysis of menhaden body 
oil fatty acids the fraction trapped between 
the trailing ends of the C,4- and C,,-saturate 
curves from an Apiezon M column can be 
collected and applied to a Reoplex 400 col- 
umn. This mixture resolves cleanly into in- 
dividual C;; and Cy, acids, and in addition 
further separations in each group are based 
on numbers of double bonds. The success of 
this approach, an application of which has 
been described elsewhere by us(5), depends 
upon rigorous proof of stability of polyun- 
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saturated fatty acid esters during GLC on 
Apiezon M. 


Summary. Proof is presented that methyl 
esters of highly unsaturated long chain fatty 
acids are not significantly altered in chemical 
structure during gas-liquid chromatography 
with the stationary phase Apiezon M at 197°. 
Relative retention volumes of Cy, Cis, Coo 
and Cy.» polyenoic acids are listed for 2 sta- 
tionary phases, non-polar Apiezon M and po- 
lar Reoplex 400. A system for rapid total 
analysis of complex fatty acid mixtures on a 
submilligram scale is described. 
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Inactivation of Amphotericin B, Chlorquinaldol, Gentian Violet and 


Nystatin by Bile Salts. 


(24308) 


S. STANLEY SCHNEIERSON, DANIEL AMSTERDAM AND M. L. LITTMAN 
Depertment of Microbiology, Mount Sinai Hospital, N. Y. City 


Bile salts exert a variety of effects upon the 
action of different antibiotics(1). They en- 
hance the antimicrobial activity of neomycin 
and penicillin against certain bacterial spe- 


cies, inactivate polymyxn, ristocetin and van- 
comycin and produce no effect whatsoever on 
other antibiotics. The present report is con- 
cerned with the effect of these salts upon the 
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TABLE I. Inactivation of Antimycotic Agents by 
1% Bile Salts. 
MIC in 


Basal broth 
+ 1% bile 


salts 


Basal 


broth Inereased 


Antimycotie agent ——(yg/ml)——\ MIC 
Amphotericin B 4 50 125. X 
Chlorquinaldol 6.0 60 NOK 
Gentian violet 2 25 125 X 
Nystatin 25.0 300 2 


activity of such diverse antimycotic agents as 
amphotericin B, chlorquinaldol, gentian violet 
and nystatin. 

Materials and methods. The basal broth 
medium contained Trypticase (BBL) 7.5 g, 
Phytone (BBL) 1.3 g, sodium chloride 2.15 g, 
dipotassium phosphate 1.05 g, and glucose 
10.0 g per liter of distilled water, adjusted to 
a pH of 7.2. Appropriate dilutions were pre- 
pared from the following sterile stock solu- 
tions: bile salts (Difco), 200 mg/ml in dis- 
tilled water; amphotericin B (Fungizone®), 
1 mg/ml in distilled water; chlorquinaldol 
(Steroson®), 5 mg/ml in 5% HCl; gentian 
violet, 1 mg/ml in distilled water; and ny- 
statin (Mycostatin®), 5 mg/ml in propylene 
glycol. Bile salt and gentian violet stock 
solutions were sterilized by autoclaving 
at 15 lbs for 15 min., the others were 
prepared aseptically. All determinations of 
growth inhibition were performed in 5 ml 
amounts by the tube dilution method, except 
those involving gentian violet. These were 
performed in 10 ml amounts since readings of 
end points in the presence of the intense color 
imparted by higher concentrations of the dye 
was facilitated by the use of a greater volume. 
The standard inoculum employed through- 
out was 0.1 ml of an 18 hour culture of Can- 
dida albicans (MSH #005), grown at 37°C 
with an optical density of 0.18 at 650 mp 
on the Lumetron colorimeter. Tubes were in- 
cubated at 37°C for 48 hours at which time 
they were read visually for the presence or 
absence of growth as indicated by formation 
of a distinct button of yeast growth at the bot- 
tom of each tube. 

Results. Table I lists the minimal inhibi- 
tory concentrations (MIC) of each of the 
4 antimycotic agents under study for the 
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standard inoculum of C. albicans in basal 
broth as compared to the same medium to 
which bile salts had been added to yield a con- 
centration of 1.0%. As is shown in the table, 
all were markedly but unequally inactivated 
by this concentration of bile salts. This is 
evidenced by the increased MIC of ampho- 
tericin B and gentian violet for C. albicans of 
125 times, for nystatin of 12 times and for 
chlorquinaldol of 10 times. 


To ascertain whether this finding is limited 
to the particular strain of C. albicans studied 
(MSH #005), 10 additional typical C. albi- 
cans strains were also investigated. One per 
cent bile salts completely neutralized the in- 
hibitory effect of 2.0 ng/ml of gentian violet 
for all 10 strains, so that the described inacti- 
vation is not peculiar to the strain employed 
as the test organism. 


Further studies were undertaken to eluci- 
date the mechanism of inactivation of these 
antifungal agents by bile salts. Addition of 
the latter to unseeded medium in 0.5, 1 and 
2% concentrations produces no change in the 
reaction of the medium either prior to or 
after 48 hours incubation at 37°C. Moreover, 
no difference was observed between the final 
reaction of the bile salts media and that of 
the basal medium after their inoculation with 
the test organism and growth at 37°C for 24 
and 48 hours. Thus the effect of bile salts 
upon activity of antimycotic agents cannot be 
ascribed to any alteration of pH. Bile salts 
in the above concentrations also had no sig- 
nificant effect upon the growth curve of the 
test organism since growth after 24 hours and 
48 hours at 37°C, measured photometrically, 
was essentially the same in the bile salts me- 
dia as in the basal medium. Since the inac- 
tivating effect of bile salts on antifungal agents 
might conceivably be due to the surface ten- 
sion depressing property of the former, it was 
decided to investigate the effect of other sur- 
face active agents. Two anionic compounds, 
di isopropyl napthalene sodium sulfonate 
(Naccosol A) and di hexyl sodium sulfosuc- 
cinate (Aerosol MA), and 2 non-ionic com- 
pounds, alkyl aryl polyether alcohol (Triton 
X-100) and polyoxyethylene sorbitan mono- 
oleate (Tween 80) were selected for these 
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studies. Cationic surface active compounds 
could not be tested because of their own 
marked growth-inhibiting activity against C. 
albicans. The minimal amount of bile salts 
and that of the detergents tested capable of 
neutralizing the inhibitory effect of a fixed 
amount of amphotericin B, 10 pg/ml or 25 
times the MIC for C. albicans, was deter- 
mined. It was found that whereas 0.4 mg/ml 
bile salts completely neutralized the growth 
inhibiting effect of the amphotericin B, 6.0 
mg/ml of Naccosol A, 10 mg/ml of Aerosol 
MA, and 20% by volume of both Triton X- 
100 and Tween 80 all failed to do so. Higher 
concentrations of Naccosol A and Aerosol MA 
could not be tested since these concentrations 
were by themselves growth inhibitory for C. 
albicans. In the light of these findings it was 
concluded that inactivation of antimycotic 
agents by bile salts could not be attributed to 
the surface tension depressive action of the 
latter. 

To ascertain whether bile salts exert their 
effect upon the microorganisms or upon the 
chemotherapeutic agent in the course of neu- 
tralizing the inhibitory action of antifungal 
compounds, the following experiments were 
performed: 10 ml quantities of the basal me- 
dium with and without bile salts in 0.5, 1 and 
2% concentrations were seeded with a stand- 
ard inoculum of C. albicans and incubated at 
37°C for 48 hours. All tubes were then cen- 
trifuged at 2000 rpm for 15 minutes and the 
supernatant fluids poured off and replaced 
with an equivalent volume of sterile saline. 
The amount of each of the 4 antimycotic 
agents under investigation required to inhibit 
a similar sized inoculum of bile-exposed and 
unexposed Candida cells was then determined. 
No difference was observed between the con- 
centrations of each drug required to inhibit 
the bile-treated and untreated cells thereby 
indicating that contact of C. albicans with 
bile salts for 48 hours at 37°C had not af- 
fected the susceptibility of the microorgan- 
isms. Minimal amounts of bile salts needed 
to neutralize the antimycotic effect of graded 
concentrations of gentian violet was then de- 
termined. Amounts of bile salts capable of 
annulling the Candida inhibiting activity of 
graded concentrations of gentian violet was 
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INACTIVATION OF GENTIAN VIOLET BY 
BILE SALTS 
10 4 


GENTIAN VIOLET - pg/ml. 


0 
OF potatoes 
BILE SALTS - mg/ml 


FIG. 1. Minimal amounts of bile salts capable of 
neutralizing Candida growth inhibitory effect of 
graded concentrations of gentian violet. 


directly proportional to concentration of dye 
employed (Fig. 1). This would indicate that 
the inactivating effect of bile salts is exerted 
upon the antimycotic drug rather than upon 
the organisms. 


Discussion. The exact mechanism by 
which bile salts inactivate the different anti- 
fungal agents studied has not been estab- 
lished. Bile salts, in the concentrations em- 
ployed, produce no pH change in the medium, 
exert no stimulatory or depressing effect upon 
growth of the test organism nor can their neu- 
tralizing effect upon antifungal agents be at- 
tributed to their property of surface tension 
depression. Our inability to demonstrate al- 
tered susceptibility of the microorganism plus 
existence of a straight line relationship be- 
tween amount of bile salts needed to inacti- 
vate graded concentrations of gentian violet 
suggests that the former, in some undeter- 
mined manner, acts upon the chemothera- 
peutic agent itself rather than upon the fun- 
gus. Additional experiments to-further re- 
solve the mechanism of the reported observa- 
tion as well as to determine the responsible 
component or components of the bile salts 
mixture are underway. 

Each of the antimycotic drugs investigated 
ordinarily fails to produce significant blood 
levels in patients after oral administration. 
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This is also true of the 3 antibacterial agents 
previously found to be inactivated by bile 
salts, namely polymyxin, ristocetin and van- 
comycin(1). In the light of the findings 
herein reported, it may very well be that di- 
minished or absent absorption of certain anti- 
fungal and antibacterial agents when adminis- 
tered orally is due to their inactivation by the 
high concentration of bile salts normally pres- 
ent in the intestinal tract rather than to their 
poor diffusion through the intestinal wall be- 
cause of their large molecular size. Studies 
leading to reversal of bile inactivation of these 
antimicrobial agents could lead to their in- 


Serum Cholesterol Determinations as Affected by Vitamin A. 


Lots J. KINLEY AND R. F. KRAUSE 


SERUM CHOLESTEROL AND VITAMIN A 


creased absorption and hence clinical useful- 
ness. 


Summary. One per cent bile salts inacti- 
vates amphotericin B, chlorquinaldol, gentian 
violet and nystatin to a considerable but vari- 
able degree depending upon the antimycotic 
agent. A number of factors possibly involved 
in the mechanism of this inactivation have 
been studied and are discussed. 


1. Schneierson, S. S., Amsterdam, D., Nature, 1958, 
v182, 56. 


Received July 18, 1958. P.S.E.B.M., 1958, v99. 


(24309) 


(Introduced by E. J. Van Liere) 


Department of Biochemistry, West Virginia University Medical Center, Morgantown, W. Va. 


It was observed in this laboratory that Vit. 
A administration resulted in an increase in to- 
tal serum cholesterol and that as the serum 
Vit. A level increased, serum total cholesterol 
increased proportionately. It was then neces- 
sary to determine if the elevation of serum 
Vit. A was associated with an apparent or real 
increase in total serum cholesterol. 

The method used(1) for determining serum 
cholesterol was one widely used in clinical 
laboratories. Since the reagent ferric chlor- 
ide is used both in this method and in meas- 
urement of Vit. A, it was felt that perhaps 
Vit. A was interfering with determination of 
cholesterol. It was therefore believed worth- 
while to investigate the effect of Vit. A on the 
ferric chloride method of determining serum 
cholesterol. 


Methods and materials. Serums were taken 


from a group of 5 patients, having the follow- 
ing Vit. A concentration as determined by the 
Carr-Price method(2); patient 1, 55; patient 
2, 28; patient 3, 56, patient 4, 37, and patient 
5, 40 ug% respectively. Of this group of se- 
rums, 3 had elevated cholesterol levels and 
2 had normal cholesterol levels. Varying 
amounts of Vit. A alcohol equivalent to 15- 
150 wg per 100 ml serum were added to each 
serum (Tables I and II). Im each case, a 
control tube was set up containing 0.05, 0.1, 
0.2, 0.3, 0.4, and 0.5 ml respectively of Vit. A 
alcohol (3 «g per ml in Mallinckrodt chloro- 
form) were added and the volume made up 
to 0.6 ml with chloroform. 

A total cholesterol determination was then 
done on each of the 6 tubes from the 5 differ- 
ent serums by the method of Zak(3). 

The same group of 5 serums was set up 


TABLET. Effect of Varying Concentration of Vit. A on Determination of Total Serum Choles- 
terol by the Zak Procedure(3). 


mg % total cholesterol 


Control 15y%* 30u%* 60n%* py %* 120n%* 150n%* 
Patient 1 403 417 425 455 480 510 545 
2 363 363 380 415 445 470 500 
3 321 326 330 360 390 420 445 
4 249 253 260 295 325 360 390 
5 205 208 210 230 255 280 300 


* Vit. A added. 
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TABLE IT. Effect of Varying Concentration of Vit. A on Determination of Total Serum Choles- 
terol by the Schoenheimer-Sperry Procedure(4). 


mg % total cholesterol 


Control 15 n%* 30n%* 60 n%* Wy %* 120n%* 150 %* 
Patient 1 411 412 414 415 417 420 420 
2 367 366 366 363 369 370 372 
3 319 320 323 325 330 328 330 
4 250 253 252 254 255 255 256 
5 201 202 201 203 204 205 207 


* Vit. A added. 


as before, and a total cholesterol determina- 
tion made on each by the Schoenheimer- 
Sperry saponification-extraction method(4) 
with a slight modification.* 

Results. The results, in mg% total choles- 
terol, shown in Tables I and II represent an 
average of tests run in triplicate. 


With addition of 30 yg of Vit. A per 100 
ml serum, and using the Zak method, there 
was an increase of 10-15 mg% total choles- 
terol. However, with the addition of greater 
amounts of Vit. A, 120-150 wg per 100 ml, 
there was an increase of 100-200 mg% total 
cholesterol. 


The results with the Schoenheimer-Sperry 
saponification-extraction method, showed no 
appreciable elevation of total serum choles- 
terol, even with addition of 150 wg Vit. A per 
100 ml serum. This was probably due to the 
fact that the Vit. A had been separated from 
the total cholesterol by precipitation of the 
latter with digitonin. 

It is of interest that the control samples, 
with no Vit. A added, show very similar val- 
ues when determined by either the Zak or 
Schoenheimer-Sperry methods. 

Discussion. The results of this investiga- 
tion demonstrate the fact that excessively 


* The precipitate was dissolved in glacial acetic 
acid and ferric chloride color reagent added instead 
of the Libermann-Burchard reaction. 


high serum Vit. A levels will cause interfer- 
ence with cholesterol determination when the 
Zak procedure is used. Such interference is 
not noted when Vit. A is separated from the 
serum before cholesterol determinations are 
made. This observation may account for the 
elevations in serum cholesterols following 
Vit. A therapy as reported by Lasch(5). 

It should also be pointed out that care must 
be taken by the clinical laboratory in choosing 
a method for determination of total serum 
cholesterol when high serum levels of Vit. A 
are suspected. 

Summary. 1. A study was made of the 
effects of various levels of Vit. A in the serum 
on total cholesterol as determined by a meth- 
od using a ferric chloride color reagent and a 
saponification-extraction method. 2. Com- 
parison between the 2 methods showed that 
the Vit. A must be separated from the serum 
before making total cholesterol determina- 
tions by the ferric chloride color reagent 
method. 
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Oxygen Consumption of Post-Mortem Human Heart Muscle.*t 


(24310) 


Witiram C. Uxrrick,} E. A. LENTINI,S|| AND SHELDON C. SOMMERS 
(Introduced by Earl R. Loew) 


Depts. of Physiology and Pathology, Boston University School of Medicine, Boston, Mass. 


Excitability and contractility characteristics 
of post-mortem human heart muscle were pre- 
viously reported by the present authors(1). 
This report is concerned with oxygen con- 
sumption of post-mortem human heart muscle. 


Materials and methods. Human hearts 
were obtained from 1.8 to 8.4 hours after 
death. Two trabecular muscles of diameters 
less than 1 mm were removed from each left 
ventricle.. One muscle preparation was posi- 
tioned in clamps, placed in a constant temper- 
ature 37.5° bath and bathed continuously 
with oxygenated Ringer’s solution. The mus- 
cle was kept under a constant resting tension 
of 1 g, and after a 30 minute to one hour 
equilibration period was stimulated at a fre- 
quency of 1/sec with 6 msec square wave 
pulses. Isometric developed tension was re- 
corded. Details of the method of stimulation 
and recording, and composition of Ringer’s so- 
lution used were as previously reported(2). 
The other muscle preparation from each heart 
was suspended in a modified Warburg flask in 
a vertical position. A freely hanging 1 g 
weight was attached to the lower end of the 
preparation. The muscle was not stimulated, 
and was under a constant resting tension of 
one g. The Warburg flask contained 6.9 ml 
of Ringer’s solution and 0.1 ml of 20% KOH 
in a side well. Oxygen consumption, under a 
100% Oz gas phase, was determined by stand- 
ard manometric technics, and is expressed as 
pl O. uptake/hr/mg dry weight of tissue 


* Supported in part by grants from Nat. Heart 
Inst. and Mass. Heart Assn. 

t We are indebted to Pathology Depts. of Mass. 
Memorial, Peter Bent Brigham, and Boston Lying- 
In-Hospitals for human heart tissue in these experi- 
ments. 

+ During tenure of Post-doctoral Research Fellow- 
ship cf Nat. Heart Inst. 

§ During tenure of Pre-doctoral Research Fellow- 
ship of Nat. Heart Inst. 

|| Present address: Dept. of Physiology, University 
of Oregon Medical School, Portland. 


(QO.). Oxygen consumptions are reported 
for only those preparations, 7 in number, 
whose mates from the same heart responded 
by contraction to electrical stimulation in the 
muscle bath. (5 preparations, obtained within 
the same time interval after death, did not 
respond). 

Results. Table I lists the primary clinical 
diagnosis of the patient from whom each 
heart was obtained, interval from death of 
patient to placement of the muscle prepara- 
tions in bath and Warburg systems, and QO»’s 
and isometric tension development of the 
preparations from each heart. The mean QO» 
was 21.0 + 2.5 (S.E.) and mean isometric 
tension development was 287 + 137 mg. 
Tension is expressed simply in mg per prepa- 
ration, since the preparations were approxi- 
mately all the same size, (length: 5 mm; di- 
ameter: 0.7 mm; and weight: 0.6 mg, dry). 
There was no correlation between oxygen con- 
sumption of one preparation from an au- 
topsied heart and capacity to develop tension 
by another preparation from the same heart, 
nor was there any correlation between oxygen 
consumption or tension development with the 
post-mortem interval. 

It may be questionable whether the oxygen 
consumptions reported here represent respira- 
tory rates for normal human heart tissue. The 
influence of the post-mortem anoxic interval 
on respiration is undetermined. Clinical con- 
dition of the patient at time of death may also 
have influenced the respiratory rate. In spite 
of these considerations mean oxygen consump- 
tion for post-mortem human ventricular tis- 
sue compares favorably with in vivo measure- 
ments for the normal human heart reported by 
others. For example, recently reported mean 
values are 21.84(3) and 22.00(4) (converting 
given ml Os utilization/min/100 g of tissue 
to QO»’s). Our data therefore indicate that 
post-mortem human heart muscle is a func- 
tionally and metabolically active tissue, and 
may serve as a valuable adjunct to the study 
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TABLE I. Oxygen Consumption of Post-Mortem Human Heart Muscle. 


Clinical diagnosis 


Tsometri¢ 
dleveloped 


Hydrocephalus (still-born infant) 
Rheumatic heart disease, mitral stenosis 


Generalized arteriosclerosis, involvement of coronary arteries 


Arteriosclerotie heart disease 
Generalized arteriosclerosis, G-I bleeding 
Carcinoma of esophagus 
Malignant eareinoid 

Mean 


Post-mortem Qo. tension, mg 

interval, hr Prep. A Prep. B 
1.8 2% 90 
2.0 ANE 1020 
3.5 12 30 
4,1 17 190 
5.0 27 150 
5.5 21 55 
8.4 31 475 


210i 2.6% 287 s2137 


of human cardiac physiology and pathophysi- 
ology. 

Summary. Oxygen consumption measure- 
ments were made on trabeculae carneae from 
7 contractile human hearts, obtained 1.8 to 
8.4 hours after death. Mean QO. was 21.0 
+ 2.5, which compares favorably with mean 
in vivo oxygen utilization values reported for 
the normal human heart. There was no cor- 
relation between magnitude of the oxygen up- 
take and isometric tension developed by a 


sister preparation from the same heart, nor 
with the post-mortem interval. 
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Isolation of Partially Purified Properdin from Bovine Serum by Cold 


Ethanol Fractionation.* 


(24311) 


FreD Miya AND STANLEY Marcus 
Department of Bacteriology, University of Utah College of Medicine, Salt Lake City 


Properdin, a normal serum constituent 
which in conjunction with complement 
or complement-like substances and Mg+-- 
constitutes the properdin system, was first 
reported to be a natural humoral defense 
mechanism by Pillemer and co-workers(1). 
A procedure for isolation and _ concen- 
tration of this euglobulin substance was 
described. The protocol involves the ad- 
sorption of properdin to zymosan and subse- 
quent elution under suitable conditions(2). 
The use of the zymosan adsorption technic 
generally yields final properdin solutions of 
variable activity since zymosan preparations 


* This study was supported by contract with School 
of Aviation Medicine, U.S.A.F., Randolph Air Force 
Base, Texas. 


vary in activity. Pillemer et al.(1) reported 
that properdin is found in serum Fraction III 
using the separation procedure described by 
Deutsch ef al.(3). Pennell e¢ al.(4) used 
method 6 of Cohn, e¢ al.(5) and reported 
that 90-95% of total properdin activity of 
plasma was recovered in a subfraction of 
Fraction I, and the remaining activity ap- 
peared in Fraction III. Linder(6) has shown 
that the majority of properdin activity of 
human serum resides in the gamma globulin 
eluate when the serum constituents are sepa- 
rated electrophoretically. Experiments de- 
signed to determine the value of properdin as 
a therapeutic agent following exposure of ani- 
mals to whole body x-irradiation made neces- 
sary the preparation of properdin solutions 
of high activity per unit volume in order that 
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adequate concentrations of material could be 
administered intravenously or intraperitone- 
ally without causing physiological stress in 
mice and rats. A Cohn ethanol fractionation 
(modified Method 6) procedure was em- 
ployed in order to obtain partially purified 
properdin solutions without using the variable 
and costly zymosan. The results of a direct 
ethanol fractionation procedure are reported 
herein. 

Materials and Methods. Bovine serum. 
The whole blood of healthy adult cows was 
collected in sodium dichromate-sulfuric acid 
cleaned glass receptacles and allowed to stand 
at room temperature for 2 hours. The clots 
were then rimmed, and the blood stored over- 
night at 2°C. The serum was separated by 
centrifugation at high speed in a refrigerated 
centrifuge. The clear serum was used imme- 
diately in the fractionation procedure. Ethan- 
ol-buffer mixture. For each liter of serum the 
following solution was prepared: 601 ml of 
53.3% ethyl alcohol at —5°C; 0.88 ml of 10 
M acetic acid at 25°C; 0.44 ml of 4 M so- 
dium acetate at 25°C; 2.30 ml of 95% ethyl 
alcohol at —5°C. The above ingredients are 
measured out at the temperature specified and 
mixed together thoroughly. The entire mix- 
ture was allowed to equilibrate at —5°C be- 
fore addition to the serum. pH 7.4 Barbital 
buffer was prepared according to the direc- 
tions in Kabat and Mayer(7). Constant tem- 
perature bath. A double jacketed stainless 
steel container was employed. The smaller 
inner jacket contained a solution of sodium 
chloride with a freezing point depression of 
—5°C to -6°C. The larger outer jacket con- 
tained the freezing calcium chloride-ice mix- 
ture. Procedure. The glass container holding 
the clear bovine serum was placed into NaCl 
solution. The serum was stirred slowly with 
a mechanical agitator to hasten equilibrium 
conditions and prevent ice crystal formation. 
When temperature of the serum was 0°C, the 
pre-cooled (—5°C) ethanol buffer mixture was 
added. Rate of addition through a capillary 
jet was 5-6 ml per minute. Overall addition 
time per liter of serum was about 2 hours. 
The entire mixture was adequately stirred 
during the addition of the ethanol buffer mix- 
ture in order to prevent high ethanol concen- 
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TABLE I. Properdin Activity of Various Frac- 
tions Obtained during Isolation Procedure. 


Properdin,* mg N 


Material Amt,ml units/ml per ml 
Bovine serum 1000 15 18.7 
Y 
Redissolved eth- 250 100-200 27.5 
/ anol precipita- 
| tion fraction 
Supernate from 235 2-4 12.7 
cold separation 
centrifugation 
\ Residue from cold 15 400 37.6 
separation cen- 
trifugation 
Final suspension 60 100 9.4 


* Zymosan assay procedure of Pillemer et al. 
(1956). 


trations near the jet tip which could cause 
irreversible protein changes. The final con- 
centration of ethanol was 20% V/V. After 
addition of the ethanol buffer solution the 
mixture was continually stirred for another 
60 minutes. Care was exercised to keep the 
serum-ethanol mixture at a temperature of 
—5 + 0.5°C. The precipitate was centrifuged 
out at high speed in a refrigerated centrifuge 
(O°C). The supernate was discarded, and 
the centrifuge tubes were inverted 10 minutes 
in the refrigerator to drain the excess fluid. 
The precipitate was redissolved in pH 7.4 
barbital buffer, (250 ml buffer/liter starting 
material). The redissolved protein fraction 
was transferred to a filtering flask, and nega- 
tive pressure was applied to remove the resid- 
ual alcohol. This operation was carried out 
at room temperature. The protein solution 
was cooled to 0°C for 24 hours during which 
time a precipitate appeared. The mixture 
was centrifuged and the residue collected. 
The supernate was discarded. The residue 
was treated with pH 7.4 barbital buffer (3 ml 
buffer per ml of residue). Suspension of the 
residue was obtained by gentle agitation at 
room temperature. The final product was 
stable turbid suspension and was stored at 
0°C. The titers of the properdin mixtures at 
various steps in the isolation are shown in 
Table I. 


Results. It is seen that considerable in- 
crease in activity on a volume basis was 
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achieved, i.e., from 15 to 100 units per ml. 
However, the isolating procedure is carried 
out at a net loss, i.e., from 15000 units to 
6000 units or a net recovery of about 40%. 
The value of the procedure derives from the 
increased concentration per unit volume. 

Anticomplementary titers of the products 
were run in conjunction with the properdin 
assays and in each case the product was 
shown to be non-anticomplementary. The 
final product had the paper electrophoretic 
characteristics of gamma globulin. 

The purification step achieved by inad- 
vertent discovery of the insolubility of the 
properdin-containing fraction at O°C was 
apparently made possible by the prior con- 
centration steps. The possible relation of 
“cryogenic” proteins(8,9,10) to the partially 
purified properdin. which acts similarly to 
described cryogenic globulin, remains to be 
determined. 

Summary. <A procedure for isolation of 
properdin from bovine serum using cold 
ethanol fractionation technics is reported. 
Results indicate that high yields of properdin 
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per unit volume are obtainable without use of 
zymosan. 
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Sensitized Sheep Cell Hemagglutination Reaction in Rats with Experimental 


Infection of Bone and Joint. 


(24312) 


Epwin M. Lerner IJ, Ropert R. WILLIAMS AND JACK C. JENKINS 
Laboratories of Pathology and Histochemistry, and of Physical Biology, N. I. H., Bethesda, Md. 


A reproducible infection of bone and joint 
of rats has been produced in high incidence 
with a strain of Streptobacillus moniliformis 
isolated from a rat with middle-ear infection 
(1). Although this microorganism is consid- 
ered of low virulence or a commensal for 
rats(2,3), this strain isolated in our labora- 
tory has shown a specific affinity for joints, 
bone, and periarticular tissues after intra- 
venous injection. To date, 109 out of 116 
animals injected intravenously with this mi- 
croorganism have developed gross and/or mi- 
croscopic lesions. Of those animals showing 
acute changes, the infecting microorganism 
has been recovered from 19 of 21 wrists or 
ankles cultured during the acute, 5-11 day 


stage. Blood cultures made during this same 
5-11 day stage have been positive in only 1 of 
15 animals. The involvement of the region 
of the joint in the inflammatory process has 
directed immunologic studies of this infec- 
tion into investigation of possible similarities 
to serologic reactions seen in human rheuma- 
toid arthritis. Observations that the serum 
of patients with rheumatoid arthritis agglu- 
tinated sensitized bacteria, red cells, and other 
particles(4,5,6), have led to development of 
the sensitized sheep cell agglutination (SSCA) 
reaction as a phenomenon occurring most fre- 
quently in rheumatoid arthritis(7,8,9,10). 
This agglutination reaction has been found 
positive less frequently in some of the so- 
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TABLE I. Gross Changes in Rats following Intravenous Injection of Streptobacillus monili- 
formis. 

Exp. No. rats No.rats + Regions involved Y 

No. infected withlesions Left wrist Rightwrist Leftankle Right ankle Other 

48 8 8 3 6 3 2 

50 35 33 22 27 12 11 Left hip-1 
Right hip—1 

53 12 12 amt 10 2 5 Right hip-1 

Total: 55 53 36 43 17 18 3 


called “collagen diseases,’ such as dissemi- 
nated lupus erythematosus, polyarteritis no- 
dosa, scleroderma, and dermatomyositis(6,8, 
9,11,12,13,14). Several modifications of the 
agglutination reaction have been proposed and 
reported as yielding significantly elevated 
titres in 44 to 95% of patients with rheuma- 
toid arthritis(11,12,13,14,15). 

The agglutination test applied in the cur- 
rent experiments was a slight modification of 
the euglobulin test devised by Ziff et al.(16). 
Briefly, this consists of testing a euglobulin 
fraction of the serum proteins obtained from 
serum by dialysis against a low ionic strength 
buffer at pH approximately 6.0. This pro- 
cedure enables one to use a sensitizing dose of 
anti-sheep erythrocyte serum as great as one- 
half the basic agglutinating dose without ma- 
terially increasing the false positive reactions. 
Studies employing euglobulin fractions of se- 
rum have been reported as yielding 86-91% 
positive reactions in human rheumatoid arth- 
ritis(16,17,18). 

Materials and methods. A. Production of 
lesions. Technics previously described were 
employed to produce lesions of joint regions in 
rats(1). In brief, young Holtzmann-Fisher 
cross rats, 24-3'% months old, raised free of 
infection, were injected intravenously (tail 
vein) with 2.0 ml of a 20-22 hour old broth 
culture of S. moniliformis. Cultural methods 
have been described. A total of 55 rats in 3 
separate experiments were injected, and of 
these, 53 developed gross changes in wrists, 
ankles, and occasionally elsewhere. These 
were manifested by redness, swelling, or ten- 
derness of one or more joint regions, appear- 
ing usually 5 to 7 days after injection. Inci- 
dence and distribution of lesions in infected 
animals is shown in Table I. Animals were 


killed with ether on the 6th or 7th day after 
injection, and 2 to 5 ml of blood were drawn 
from the inferior vena cava. A total of 53 
uninfected rats were killed with ether and 
bled in similar fashion to serve as normal con- 
trol animals. Some of the sera from these 
controls were run simultaneously with sera 
from infected animals (Exp. 52 and 53). 


B. Modified sensitized sheep cell agglutina- 
tion test. 1. Cell suspensions. Sheep blood 
was collected in sterile flasks containing 100 
ml of an anticoagulant and preservative solu- 
tion of 0.94% disodium salt of ethylene-di- 
amine tetraacetate (EDTA) (adjusted to pH 
6.0 with NaOH) and 5.0% glucose. The cells 
were washed in 0.85% NaCl solution and 
stored as packed cells in the anticoagulant so- 
lution at 5°C. When used in tests, the packed 
cells were washed in saline and made to 1.5% 
or 3.0% suspensions of cells in a solution of 
one part 0.03 M EDTA (adjusted to pH 7.0), 
ionic strength 0.168, and 9 parts 0.85% NaCl. 
2. Sensitized cells. Commercially available an- 
ti-sheep erythrocyte rabbit serum (Ambocep- 
tor) in 50% glycerine solution was made to 
1:100 dilution of serum in 0.85% NaCl con- 
taining 0.2% phenol preservative. This was 
again diluted for determination of the basic 
agglutination titre (B.A.T.) (21), and tested 
against a 1.5% cell suspension. Amboceptor 
solution at twice the BAT dilution was added 
to an equal volume of 3.0% cell suspension, 
held at least 30 minutes at room temperature, 
and then overnight in the refrigerator before 
use. This comprised the sensitized 1.5% 
erythrocyte suspension. 3. Serum euglobulin. 
Sera for test were diluted with an equal vol- 
ume of distilled water and were dialyzed over- 
night against EDTA solution (pH 6.0, ionic 
strength 0.0126) at 2°C to precipitate the 
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SENSITIZED SHEEP CELL AGGLUTINATION TITRES 


INFECTED RATS 


NUMBER OF RATS 


NORMAL RATS 


RECIPROCAL TITRE 
FIG, 1. 


euglobulin fraction. Precipitates were washed 
twice in a volume of the same buffer equal to 
the serum volume used, and were redissolved 
in the pH 7 EDTA saline buffer. They 
were then inactivated at 56° for 30 minutes 
and absorbed at 37° according to Ziff(16), 
to remove Forsmann and other sheep cell ag- 
glutinins. 4. Agglutination Titre. Serial 2- 
fold dilutions, starting at a 1:4 dilution of 
rat serum euglobulin were made for the titra- 
tion. 0.5 ml of 1.5% sensitized sheep eryth- 
rocyte suspension was added to 0.5 ml of each 
serum dilution. Tubes were held at 5°C 
overnight, and agglutination was read as fol- 
lows. The tubes were inverted simultaneously 
3 times in a covered rack, and the serum-red 
cell mixtures were allowed to settle for 1 hour. 
Agglutinations were graded from 0 to 
+++. based on size and rate of settling of 
the red cell clumps. The highest dilution show- 
ing agglutination, i.e., a definite agglutination 
pattern on the curved bottom of the tube, was 
taken as the agglutination titre(19). 
Results. Serum euglobulin fractions of 55 
rats infected with S. moniliformis, and of 53 
normal uninfected rats were assayed for sen- 
sitized sheep cell agglutinins. The results of 
these tests and the distribution of titres de- 
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veloped by the 2 groups of rats is shown in 
Fig. 1. It will be observed that 43 of the 53 
uninfected controls showed titres of less than 
1:4, and 8 showed titres of 1:4. Only 2 rats 
developed higher titres, one of which was 
1:128. In the infected group, only 2 rats 
showed a titre of less than 1:4, and 37 of the 
55 developed titres greater than 1:8, a level 
which was exceeded by only 2 of the unin- 
fected controls. This would appear to estab- 
lish a titre of 1:8 as definitely abnormal, and 
indicative of response to this infection, under 
the conditions described. The possibility that 
the SSCA protein was not being recovered in 
the euglobulin fraction was excluded by test- 
ing the whole sera of uninfected rats. Of 27 
such sera tested, only one had a titre of 1:4, 
indicating that the euglobulin method was 
definitely more sensitive for detection of low 
SSCA titres. 

Discussion. An increase in sensitized sheep 
cell agglutinin titre was demonstrated in the 
euglobulin fraction of sera from rats which 
were experimentally infected with S. monili- 
formis. A high percentage of these infected 
animals developed lesions in or about joints 
within 5-7 days after injection of the micro- 
organism, at which time sera were taken for 
testing. Although the majority of infected 
rats showed elevated titres, no extremely high 
titres were developed, and the striking dif- 
ference was in the extremely low titres ob- 
served in normal controls. The absence of 
development of extremely high SSCA titres 
may be ascribed to the general lack of im- 
munologic responsiveness noted in the rat 
(20), to the early acute stage of the- experi- 
mental disease at which time sera were taken, 
or to basic differences in the human and 
murine diseases. 

The high titres observed in human rheu- 
matoid arthritis are not usually found until 
the disease has been established for 6 months 
or more(7,8,13,21), and only occasionally 
has the SSCA titre been reported elevated in 
early rheumatoid arthritis(22,23). Since the 
inflammatory process in the joint regions in 
these rats was at the acute stage, the finding 
of elevated titres in their sera is of added in- 
terest. The one significantly elevated serum 
titre in an animal from the uninfected group 
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may conceivably have been due to accidental 
or spontaneous infection of this animal with 
S. moniliformis, since this microorganism is 
extremely common in rat colonies and consid- 
erable vigilance is required to eliminate it 
completely. 

It will be of interest to determine whether 
the sensitized sheep cell agglutinins of the rat 
are gamma globulins with a sedimentation 
constant of approximately 19S, as in the hu- 
man serum studies of Franklin ef al., and 
whether these tend to complex with 7S gamma 
globulins to form complexes of 22S or greater 
in the same manner as in human rheumatoid 
arthritis. Since the current series of rats have 
developed low titres, and Franklin e¢ al.(24) 
found that only high titre sera showed demon- 
strable complexes of 22S or greater, it may 
be necessary to maintain chronic or recurrent 
infections in order to achieve high concentra- 
tions of the high molecular weight complexes 
in rat sera. On the other hand, it may be 
necessary to investigate this phenomenon in 
other species. 

Summary. 1) Rats infected with a strain 
of Streptobacillus moniliformis developed an 
inflammatory reaction in joint regions in 109 
of 116 animals. 2) Sensitized sheep cell ag- 
glutination titres of the serum euglobulin 
tested from 55 infected rats were significantly 
higher than those of 53 uninfected controls. 
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Observations on Mechanism and Prevention of Non-Specific Agglutination 


of Leukocytes.* 


Tuomas E. BritTincHamt 


(24313) 


(Introduced by Carl V. Moore) 


Dept. of Internal Medicine, Washington University School of Medicine, St. Louis, Mo. 


Leukocytes have a striking tendency to ag- 
glutinate non-specifically. Thus, leukocytes 
obtained by sedimentation from normal whole 
blood and incubated with any normal un- 
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treated serum promptly and invariably ag- 
glutinate. The present study suggests that 
such non-specific clumping is caused by poly- 
merization of fibrinogen adsorbed by leuko- 
cytes, and demonstrates that the clumping 
may be avoided either by decalcifying test 
sera with disodium ethylene tetraacetate or 
by using leukocytes obtained from defibrin- 
ated blood rather than from whole blood. A 
study of the mechanism and prevention of 
non-specific clumping of white blood cells is 
relevant to the construction of a satisfactory 
leuko-agglutinin test. 

Methods. Preparation of suspension of 
leukocytes: 16 ml of blood were obtained 
from normal human donors by clean veni- 
puncture; the blood was allowed to flow di- 
rectly into a 12 X 125 mm siliconed glass 
tube containing 0.4 ml of a 5% solution in 
distilled water of disodium ethylene diamine 
tetraacetate (this 5% solution is hereafter 
referred to as EDTA) for anti-coagulation. 
After being inverted 10 times for mixing, the 
tube was tilted to a 45° angle from the hori- 
zontal, placed in the refrigerator, and the 
blood allowed to sediment for 2% hours. 
The entire supernatant (usually 4-5 ml in 
volume), including the grossly visible layer of 
white cells immediately on top of the erythro- 
cytes, was then removed with a capillary pipet 
and transferred to a 10 * 100 mm siliconed 
glass tube, tube B. Tube B was centrifuged 
at only 200 RPM for 15 minutes in a centri- 
fuge of radius 12 cm (radius measured to top 
of centrifuge cup). After centrifugation, a 
small button of cells was present at the bot- 
tom of Tube B. After removal of the 
supernatant as completely as possible by cap- 
illary pipet, the residual cell button was sus- 
pended in approximately 2.5 ml of autologous 
(i.e. obtained from the donor of the particu- 
lar white cells being used) serum and incu- 
bated until reading. The autologous test 
serum was untreated except where otherwise 
specified. Typical cell counts of the incuba- 
tion mixture were leukocytes 18,000 per cu 
mm, erythrocytes 9,000 per cu mm, and plate- 
lets 120,000 per cu mm. When anticoagu- 
lants other than EDTA were used, leukocytes 
were obtained in an identical manner. For 
16 ml of blood the following quantities of 
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anticoagulant were used: (1) 1.6 ml 3.2% 
sodium citrate; (2) 1.6 ml mixed oxalate 
solution (2.4 g ammonium oxalate and 1.6 g 
potassium oxalate dissolved in 100 ml distilled 
water); (3) 0.12 ml heparin solution (1000 
International Units per ml); (4) 1.8 ml acid- 
citrate-dextrose solution (formula A, USP). 
The procedure for obtaining leukocytes from 
defibrinated blood was also essentially the 
same, except that such blood was initially 
sedimented for only 2 hours, then was centri- 
fuged for 30 minutes at 500 rpm in order to 
increase the initial yield of supernatant. 
Blood was defibrinated by taking 16 ml of 
blood into a glass test tube containing 6 glass 
beads, inverting the tube regularly for 5 
minutes, then removing the resultant clot with 
a wooden applicator stick, leaving about 12- 
13 ml of defibrinated blood in the tube. The 
incubation mixtures were examined for agglu- 
tination by gently shaking the incubation tube 
#9 suspend the leukocytes, transferring about 
0.15 ml of the leukocyte suspension to a micro 
test slide, depressed cell type, and reading 
microscopically at 100 & magnification. In 
an unagglutinated suspension each leukocyte 
lay about equidistant from its neighbor, as if 
there were spheres of mutual repulsion about 
each cell. In an agglutinated suspension, on 
the other hand, there were in each low power 
field, 15 or more tight clumps, each contain- 
ing 5 or more leukocytes. 

Results. Agglutination of leukocytes in 
normal untreated serum. Leukocytes taken 
from whole blood anticoagulated with EDTA 
were invariably clumped when suspended in 
autologous serum not containing an anti- 
coagulant. Clumping was visible microscopi- 
cally within 60 seconds after suspension of the 
leukocyte button in the serum. The results 
were the same whether the serum was fresh, 
or whether thrombin had been inactivated 
either by storage of the serum for several 
days at 4°C., or by heating to 57°C for 30 
minutes. The results were also the same if 
isologous (from normal humans other than 
the leukocyte donor) sera were used (Table 
I). About half of the leukocytes participated 
in the numerous small (5-20 cells) tight 
clumps seen, while the other half remained 
unagglutinated. After several hours of incu- 
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TABLE I. Effect of Normal Sera and Plasmas on 
Normal Leukoeyte Suspensions. Mixtures ineu- 
bated at 37°C for one hour, 


Leukocytes ob- 
tained from 
whole blood 

anticoagulated 
with EDTA 


Leukocytes ob- 
tained from 
defibrinated 

blood 
' a Rea 


>See a ee ex. 
Test serum Donorl Donor2 Donorl Donor 2 


Autologous 
Fresh _ 0 
Aged* == + 0 0 
Heatedt + + 0 0 
Tsologous 
Fresh -+ + 0 0 
Aged* =5 == 0 0 
Heatedt + + 0 0 
Autologous, 0 0 0 0 
EDTA added? 
Isologous, 0 0 0 0 


EDTA added} 
Autologous plas- 0 
ma (EDTA) 


Isologous plasma 0 0 
(EDTA) 


* Test serum stored for 14 days at 4°C prior to 
use. 

t Test serum heated to 57°C for 30 min. prior to 
use. 

t EDTA added to concentration of 0.4 ml EDTA 
in 8 ml test serum. 

+ = agglutination present. 
absent. 


0 = agglutination 


bation, all of the clumped cells adhered tight- 
ly together in a single mass. The agglutinated 
white cells seemed to include a dispropor- 
tionately large number of the neutrophils 
present, and correspondingly a disproportion- 
ately small number of the lymphocytes. Vir- 
tually all of the platelets in the incubation 
suspension became involved in the leukocyte 
clumps, but the erythrocytes remained en- 
tirely unclumped. The sera from all 26 nor- 
mal persons tested have shown this same 
phenomenon of agglutinating autologous leuk- 
ocytes, but both acute leukemic leukocytes 
and the lymphocytes from chronic lympho- 
cytic leukemic blood showed much less tend- 
ency than normal cells to agglutinate when 
incubated in untreated autologous serum. 
White cells taken from whole blood antico- 
agulated with agents other than EDTA, i.e. 
sodium citrate, mixed oxalate solution, hepa- 
rin, or acid-citrate-dextrose solution, behaved 
just as did cells taken from EDTA blood in 
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being promptly clumped by autologous serum 
not containing an anticoagulant. 


Prevention of the agglutination of leuko-— 


cytes in normal serum. If leukocytes were 
simply prepared from defibrinated rather than 


Bey, ee 


whole blood, they were never agglutinated by — 


normal serum, even after several hours of 
incubation. 
it may be advantageous in leuko-agglutinin 
testing to use leukocytes prepared from whole 
blood rather than from defibrinated blood. It 
was then found that non-specific agglutination 


For technical reasons, however, — 


of white cells obtained from whole blood (anti- — 


coagulated with EDTA) could be prevented 
by incubating the cells with EDTA plasma 
instead of serum, or by adding EDTA in ade- 
quate amount to the test srum. EDTA must 


be added to a concentration (0.4 ml EDTA | 


in 8 ml of test serum) equivalent to that 
used for anticoagulating whole blood. The 
results of a typical experiment are summar- 
ized in Table I. White blood cells could be 
incubated in serum containing an adequate 
concentration of EDTA for more than 8 hours 
(at 4°C or 20°C or 37°C) without showing 
any agglutination whatever, although eventu- 
ally clumping did occur. While non-specific 
clumping was suppressed by adding EDTA 
to the serum being tested, the action of patho- 
logic leuko-agglutinins remained readily de- 
monstrable and apparently unaffected by 
presence of EDTA. 


Miscellaneous observations on EDTA ac- 
tion in preventing non-specific agglutination. 
EDTA acts by preventing agglutinates, not 
by dispersing them, for the agglutinates per- 
sisted if the EDTA was added to the test 
serum only after they had formed. If too 
low a concentration of EDTA (e.g. less than 
0.2 ml EDTA in 8 ml of test serum) was 
used, non-specific clumping slowly occurred 
within the first 2 hours of incubation. Even 
the usually adequate concentration of EDTA 
in test serum did not prevent non-specific 
clumping of leukocytes if an excess of calcium 
ion was added to the serum at any time. On 
the other hand, if the serum had already been 
partially decalcified (by adding oxalate and 
centrifuging), a much lower concentration of 
EDTA than the usual adequate one sufficed 
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TABLE Il. Effect of Different Anticoagulants in 
Preventing Non-Speeifie Leukocyte Agglutination, 
Cells incubated at 20°C with autologous serum. 


Hr of in- ————— Anticoagulant used ————_, 
eubation EDTA Oxalate Citrate ACD Heparin 
0 0 0 Aso 

: 0 0 2S has 6 

. 0 0 15 + + 

8 0 0 + 4 

12 0 ae a 5% + 

16 *r: + + + a 


Same anticoagulant was used in both incubation 
serum and in the whole blood from which leuko- 
eytes were obtained. 


+ = agglutination present. 


0 = agglutination 
absent. 


to prevent false agglutination. Thus, the 
amount of EDTA effective in preventing non- 
specific clumping of white cells appears to be 
that amount necessary for complete decalcifi- 
cation of the test serum. 


Relative effects of different anticoagulants 
in inhibiting non-specific agglutination. Leuk- 
ocytes were obtained from whole blood and 
were incubated with autologous sera contain- 
ing exactly twice the concentration of the 
same anticoagulant used in the whole blood 
from which the leukocytes were obtained. 
White cells from 10 normal donors were 
tested with each of 5 different anticoagulants. 
EDTA was repeatedly found to be the most 
effective anticoagulant in preventing non- 
specific agglutination (i.e. the longest periods 
of incubation elapsed before cell clumping 
began), but the potassium and ammonium 
oxalate mixture was almost as effective. Both 
sodium citrate and the acid-citrate-dextrose 
solution were distinctly less effective, some 
white cell agglutination usually being present 
after only one hour of incubation. Heparin 
(several different commercial preparations 
were tried) was by far the least useful anti- 
coagulant, leukocytes and platelets in hepar- 
inized blood usually agglutinating within a 
few minutes of beginning sedimentation and 
long prior to beginning incubation. The re- 
sults of a typical experiment are summarized 
in Table II. The results were unchanged 
when autologous plasma was used instead of 
serum with an added anticoagulant. Of in- 
terest was the fact that when we tried to use 
the mixed oxalate solution in half the usual 
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concentration, it was, like EDTA, much less 
effective in preventing leukocyte agglutination 
than when in its usual concentration. 

Mechanical trapping of cells in a fibrin clot 
not responsible for non-specific agglutination. 
It seemed possible that the agglutination of 
normal leukocytes by autologous serum was 
caused by simple mechanical trapping of the 
leukocytes in tiny pieces of fibrin clot formed 
from the small amounts of free fibrinogen in- 
evitably present in the cell suspension when 
cells had been obtained from whole blood. To 
test this possibility, leukocyte suspensions 
were prepared from defibrinated blood, and to 
the cells during a usual incubation was added 
0.02 ml of autologous plasma. The fibrinogen 
in the plasma was promptly clotted by the 
excess of calcium present. Microscopically, 
one saw occasional red and white cells trapped 
loosely in the clot. However, at no time did 
any leukocyte clumping occur, either inside 
or outside the clot. In addition, white cells 
were taken from whole blood and washed 2 
times in saline (with added EDTA) to re- 
move all but traces of free fibrinogen. Such 
cells were still clumped promptly on addition 
of autologous untreated serum though there 
was so little free fibrinogen present that no 
visible fibrin clot ever formed in such a prepa- 
ration. Thus, mechanical trapping of leuko- 
cytes in a clot does not apparently cause the 
phenomenon of non-specific agglutination of 
white blood cells. 

Discussion. The results of these experi- 
ments can be most easily interpreted by as- 
suming that fibrinogen is adsorbed on the 
surface of some leukocytes, and that when 
polymerization of the fibrinogen occurs, as in 
the clotting process, cell surfaces are joined 
by fibrinogen-fibrinogen bonds, and “aggluti- 
nation” of the leukocytes takes place. Such 
non-specific agglutination can be prevented 
by inhibiting the clotting process (e.g. by de- 
calcifying test serum as well as cell prepara- 
tion), or by using white blood cells which do 
not contain adsorbed fibrinogen, that is, by 
using white cells separated from defibrinated 
blood (see below). 

More direct evidence that leukocytes do 
adsorb fibrinogen was provided by Seligmann, 
et al.(1), who found, using sensitive immu- 
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nologic technics, fibrinogen to be present in 
the extracts of washed leukocytes prepared 
from whole blood, but not in the extracts of 
leukocytes prepared from defibrinated blood. 
That normal leukocytes adsorb plasma pro- 
tein whereas normal erythrocytes apparently 
adsorb almost none is not surprising in light 
of the old observation(2) that the white blood 
cell has a hydrophilic polar surface, in con- 
trast to the red blood cell which has a hydro- 
phobic non-polar surface that will not adsorb 
more than traces of protein in its normal un- 
injured state. The non-polar character of the 
erythrocyte surface is one important factor 
permitting the anti-globulin (Coombs) test 
to be so useful, since normal red cells give a 
negative test, and only an abnormal red cell 
surface results in a positive test. Because 
the normal leukocyte surface does contain 
adsorbed protein one would anticipate that 
current efforts to apply the anti-globulin test 
to leukocytes will not be successful. 


The observation(3) that normal globulin is 
present in or avidly adheres to normal human 
leukocytes together with the observations al- 
ready reported and discussed here suggest 
that normal leukocytes may have several 
kinds of adsorbed plasma proteins on their 
surface. Obviously, the possibility exists that 
a “leuko-agglutinin” may in fact be acting 
against adsorbed plasma protein (on a whité 
blood cell behaving like a collodion particle) 
rather than against the leukocyte itself. This 
possibility must at present be considered al- 
ways in interpretation of leuko-agglutinins. 


Because of the inability to demonstrate 
fibrinogen attached to the surface of white 
cells prepared from defibrinated blood, some 
authors have concluded that the fibrinogen 
must be deposited on leukocytes only in vitro. 
However, when one defibrinates blood, a large 
fraction (usually about one-half) of the 
leukocytes originally present in the blood are 
inevitably removed with the clot, and the 
leukocytes removed might have contained ad- 
sorbed fibrinogen in vivo and so have been 
separated with the clot. Furthermore, Alli- 
son, Smith and Wood(4), on the basis of their 
observations of the leukocytic sticking re- 
action in the early stages of thermal inflam- 
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mation, have suggested that partially poly- 
merized fibrinogen may be present on leuko- 
cyte surfaces at this time. The explanation — 
for either why all leukocytes do not adsorb 
fibrinogen in vivo or for the alternate possi- 
bility that leukocytes only adsorb fibrinogen 
in vitro is not clear. 

That EDTA is highly effective in inhibiting 
fibrinogen polymerization and therefore non- 
specific clumping of leukocytes is not sur- 
prising in view of the work of Rosenfeld and 
Janszky(5). They found that EDTA, in 
addition to preventing thrombin generation, 
specifically inhibited fibrinogen-fibrin trans- — 
formation, an effect they attributed to the 
potent decalcifying action of EDTA. We 
have supposed that the greater effectiveness 
in preventing non-specific leukocyte aggluti- 
nation of EDTA over other decalcifying anti- 
coagulants results because EDTA binds cal- 
cium more tightly than do the other agents. 
Thus, EDTA may inhibit blood clotting more 
completely than, for example, the usual 
amounts of sodium citrate. The inevitable 
eventual clumping of leukocytes taken from 
whole blood may result from the fact that 
fibrinogen polymerization occurs constantly, 
though very slowly, in any whole blood or 
plasma removed from the body. Also one 
would expect that the leukocytes themselves, 
which are known to contain thromboplastic 
substances(6) and proteolytic enzymes, might 
accelerate fibrinogen polymerization as they 
break up and release these clot-promoting 
substances. 

The non-specific agglutinates of leukocytes 
may look precisely like the leukocyte clumps 
produced by pathologic sera. Consequently, 
just as in all agglutination tests, one should 
not infer the presence of an antibody simply 
because one observes clumped cells. Although 
there are probably other mechanisms of non- 
specific agglutination of white blood cells(7), 
the mechanism here described is a common 
and important one, and inhibition of this one 
kind of non-specific agglutination (by adding 
EDTA to the test sera) has enabled a satis- 
factory leuko-agglutinin test(8) to be con- 
structed. 


Because platelets regularly adsorb fi- 


INEFFECTIVENESS OF SORBITOL IN P. A. 


brinogen(1), it is probable that our findings 
are relevant to the platelet as well as to the 
leukocyte. 


Summary and conclusions. Fibrinogen and 
other plasma proteins are apparently ad- 
sorbed on the hydrophilic surface of normal 
leukocytes, thereby complicating the inter- 
pretation of leuko-agglutinin tests. Normal 
leukocytes separated from whole blood (but 
not leukocytes separated from defibrinated 
blood) were rapidly and non-specifically ag- 
glutinated when suspended in normal un- 
treated serum. Polymerization of adsorbed 
fibrinogen appeared to be the mechanism of 
such non-specific agglutination, which could 
be prevented by adequate decalcification of 
the suspending serum. Addition of EDTA to 
all test sera has permitted construction of a 
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satisfactory leuko-agglutinin test using white 
cells separated from whole blood. 
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Effect of D-Sorbitol on Absorption of Vitamin B,. by Pernicious Anemia 


Patients.* 
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LEON ELLENBOGEN, VICTOR HERBERT! AND WILLIAM L. WILLIAMS 
Nutrition and Physiology Dept., Research Division, Amer. Cyanamid Co., Pearl River, N. Y., 
and Dept. of Hematology, Montefiore Hospital, N. Y. City 


It has been previously demonstrated that 
sorbitol in solution with Vit. B,. will increase 
oral absorption of Vit. B,2 in non-pernicious 
anemia subjects as measured by an increase 
in serum levels. Increased absorption of Vit. 
By by means of sorbitol has been reported 
to occur in experiments with young, healthy 
adults(1), and intact rats(2), while limited 
experiments with pernicious anemia patients 
were inconclusive(3). Since pernicious ane- 
mia is the primary state in which increased 
Vit. B,. absorption is desired, and since it 
was speculated that sorbitol may have an in- 
trinsic factor-like action, experiments were 
undertaken on the effect of sorbitol on ab- 
sorption of orally administered Vit. By» in 
pernicious anemia patients in remission. 

Method. Each pernicious anemia patient 


* Presented at Vit. B,, Symposium, Soc. for Study 
of Blood, Apr. 11, 1958, N. Y. City. 

+ Senior Research Fellow, N. Y. Heart Assn. Pres- 
ent address: Mt. Sinai Hospital, N. Y. C. 


was fed an oral dose of 2 pg of Vit. By2Co%® 
containing 0.25 ue of radioactivity, first alone, 
then together with a potent intrinsic factor 
concentrate, then together with crystalline D- 
sorbitol and finally together with both intrin- 
sic factor concentrate and D-sorbitol. In 
each of these 4 tests the medication was mixed 
and diluted to 100 ml, and following ingestion 
the container was rinsed with tap water and 
the rinsings fed to the subject. Immediately 
and 24 hours after each oral dose, 1000 pg 
of unlabeled Vit. By. was given intramuscu- 
larly. The 4 excretion studies on each pa- 
tient were repeated with a second series of 
studies using 30 pg oral doses of By2Co** (con- 
taining 0.5 pc of radioactivity). In all in- 
stances except where noted the amount of sor- 
bitol used was 10 g. Radioactivity of each 
24-hour urine specimen was determined with 
a special beaker of one liter capacity adapted 
to fit over and around a Nal well type scin- 
tillation crystal(4) or by counting 200 ml in 
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TABLE I. Effect of Sorbitol on Absorption of 
Vitamin B,, in Pernicious Anemia Patients. 


(2 wg oral dose.) 


By + By + IF 

Pie Bi sorbitol* B,+I1F & sorbitol* 
Exeretion in urine (48 hr), wg 

K.M. .02 02 36 29 
AAS. 01 O01 sly 23 
RU. O01 .O1 35 31 
F.W. .02 02 14 allt 

02112) 

.02 ( .1g) 
H.W. O01 01 lal ae 

Avg .02 02 23 22, 


* Dose of sorbitol was 10 g, otherwise given in 
parentheses. 


TABLE II. Effect of Sorbitol on Absorption of 
Vitamin B,. in Pernicious Anemia Patients. 


(30 wg oral dose.) 


By + By + IF 
Bt: 135 sorbitol* B,+I1F & sorbitol* 
Exeretion in urine (48 hr), ug 

K.M 24 .09 18 18 

AS. 44 14 (21g)  .45 .23 (21g) 
RUE 48 .03 .60 48 
F.W. 16 22.0 24 42 
H.W. 2 a2 PH 36 
Avg .29 2 35 33) 


* Dose of sorbitol was 10 g, otherwise given in 
parentheses. 


a highly efficient plastic scintillator slightly 
larger than that previously described(5). The 
intrinsic factor concentrates used in these 
studies were either #186-1 (50 mg) previously 
studied by Baker and Mollin(6), Callender 
and Evans(7), Williams et al.(8) and Ellen- 
bogen et al.(9) or preparation #1-R (30 mg). 
Each dose was administered to the patients by 
one individual and radioactivity of all the 
urine specimens of all the patients was deter- 
mined by one individual. 

Results. The results of the urinary excre- 
tion tests using both 2 ng and 30 pg oral doses 
of By» are presented in Tables I and II re- 
spectively. Each of the 5 patients excreted 
0.02 pg or less when given 2 wg B,2Co® alone 
indicating that the patients lacked ability to 
absorb Vit. By. None of the patients showed 
an increase in excretion of Vit. By, when 10 g 
of sorbitol was given together with 2 pg of 
Vit. Bi». In one patient (F.W.) 1.0 and 0.1 g 
of sorbitol was also given to investigate the 
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possibility that the 10 g dose might be too 
large and result in inhibition. The lower doses 
of sorbitol also did not cause an increase in 
absorption of Vit. Biz. On the other hand, 
when intrinsic factor concentrate was fed to- 
gether with B,2, absorption of Vit. Bi2 was 
increased as indicated by increase in its uri- 
nary excretion. Excretion of By» with intrin- 
sic factor concentrate was 5 to 18 times that 
obtained with 2 pg alone or with 2 pg and 
sorbitol. When Vit. B,. was given simul- 
taneously with intrinsic factor concentrate 
and sorbitol no increase in absorption was ob- 
served above what was obtained with Vit. Byes 
plus intrinsic factor concentrate. In 2 of the 
patients a slight increase of questionable sig- 
nificance was observed. The overall average 
excretion of the 5 patients receiving Vit. By». 
plus intrinsic factor concentrate and sorbitol 
was 0.22 pg as compared to 0.23 png obtained 
with Vit. B,5 and intrinsic factor. 


In the tests with the 30 pg oral dose of Vit. 
By», sorbitol showed no effect in increasing ab- 
sorption obtained with 30 yg alone. On the 
contrary, sorbitol caused a marked inhibition 
of absorption in 3 of the 5 patients. Simul- 
taneous administration of sorbitol and intrin- 
sic factor concentrate together with Vit. By». 
resulted in an average excretion of 0.33 pg as 
compared to 0.35 »g with intrinsic factor con- 
centrate and Vit. By» alone, indicating that 
sorbitol did not appear to enhance the effect 
of intrinsic factor with large oral doses of Vit. 
By. in pernicious anemia patients. 


These studies clearly indicated that sorbitol 
did not enhance absorption of Vit. By» in per- 
nicious anemia patients. Intrinsic factor is 
the only substance known to increase absorp- 
tion of physiological amounts of Vit. By. in 
pernicious anemia patients. 


Summary. 1) In the urinary excretion test 
5 pernicious anemia patients excreted radio- 
activity corresponding to an average of 0.02 
vg of Vit. By. when fed 2 pg of Vit. Bys orally 
and excreted an average of 0.02 »g when fed 
2 pg of Vit. By» together with 0.1 to 10 g of 
sorbitol. These patients excreted an average 
of 0.23 wg when fed 2 pg of Vit. By» with in- 
trinsic factor and an average of 0.22 ug when 
2 wg of Vit. By were fed together with intrin- 
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sic factor and 10 g of sorbitol. 2) These 5 
anemia patients excreted an average of 0.29 
vg when fed 30 png of Vit. By. and 0.12 yg 
when fed 30 ug of Vit. Bis together with 10 to 
21 g of sorbitol. The same 5 patients excreted 
an average of 0.35 ng when fed 30 yg of Vit. 
Bi». with intrinsic factor, and excreted 0.33 
vg when 10 to 21 g of sorbitol was fed to- 
gether with 30 xg of Vit. By. and intrinsic 
factor. 3) Sorbitol had no effect in promoting 
absorption of Vit. Bs in pernicious anemia 
patients. 
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Clinical and Laboratory Studies of Mumps II. Detection and Duration of 


Excretion of Virus in Urine. 
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The cultivation of mumps virus in tissue 
culture was first reported by Weller and En- 
ders(1). Tissue cultures were prepared by 
suspension of amniotic membranes from em- 
bryonated hen’s eggs in a manner similar to 
that previously described by Maitland and 
Maitland(2). Subsequently Kilham and Mur- 
phy(3) propagated mumps virus in mouse 
embryo tissue culture employing a method de- 
veloped by Earle and associates. Henle and 
others(4) using mono-layer cell culture dem- 
onstrated cytopathic effects produced by 
mumps virus. Henle and Deinhardt(5) later 
described the use of the same method in the 
primary isolation of virus. We(6) reported 
studies on cytopathic effects of virus in tissue 
culture and described methods for use by the 
diagnostic virology laboratory in isolation of 
virus from a variety of patient specimens. The 
presence of virus in urine specimens was 
demonstrated in 6 patients. In the prepara- 
tion of these specimens it was found necessary 
to dilute urine 10-fold in saline to avoid a 
non-specific “toxic” effect on the tissue culture 


cells. We felt, however, that this dilution 
could reduce the chances of detecting virus in 
lightly infected urine specimens. We here 
describe an improved method for preparation 
of urine for viral isolation and report on dura- 
tion of excretion of virus in 13 additional pa- 
tients. 


Patients. A study was made of 11 male 
adults, 1 male child and 1 female child, each 
of whom had an illness clinically character- 
istic of mumps. With the exception of the 2 
children, all patients were hospitalized at the 
Clinical Center of the Nat. Inst. of Health or 
at the Nat. Naval Medical Center, Bethesda, 
Md. Clinical diagnosis was made on physical 
examination at the time the patient was placed 
on the study. Date of onset of parotid or sub- 
maxillary gland swelling or tenderness was re- 
corded. Follow-up examinations were made 
of the salivary glands at the time subsequent 
specimens were collected from hospitalized pa- 
tients. Days of illness were numbered in re- 
lation to the first day on which the patient ob- 
served salivary gland swelling or pain. In 
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TABLE I. Results of Urine Culture for Mumps Virus. 


Day of illness (after salivary gland swelling or pain) 


LOW D1 2 aS aaa a5) 16 a ea 


Patient elec oa DAO) ane to weO: 
R.W. + + 
R.C. _ 0 0 
G.D. a + -}- 

W.K. cL + 4- 
D.M. + 0 

RS. 0 + 

G.S. 0 0 0 

C.M. 0 0 + 0 

ure a “ -L 
H.O. + ot. + 
R.0O. a 

DK. a ao ++ 
1212) a 

Motalk(G=) isi) ~ Loe 2 5 a2 on 2s eS 

Total PT eee ue te OO een Ot 
tested 

% (+) 100 50 66 


4- 
0 
+ + 0 
0 0 0 
0 0 
0 0 0 0 
+ 
0 0 0 0 0 
4 + 0 
0 0 
0 0 0 
0 0 0 0 
1 le 0) (oe Pi; 0 29 
5 3 42 A Oe eo 


71 80 66 100 33 100 25 20 50 0 50 0 0 0 0 0 4 


0 — tested, and negative. Blank — not tested. 


none of these patients were other prodromal 
symptoms noted earlier than 24 hours prior 
to salivary gland involvement. Clinically de- 
tectable orchitis was not present in any of the 
patients. 

Methods. The first voided morning urine 
specimen was collected in a sterile container. 
Saliva specimens collected concurrently were 
handled as previously described(6). Within 
6 hours of collection, urine specimens were 
prepared by 2 methods for inoculation. Prepa- 
ration by dilution: 0.2 ml of the urine speci- 
men was diluted 10-fold in Hanks’ balanced 
salt solution. Preparation by concentration: 
Approximately 15 ml of urine was clarified by 
centrifugation at 4°C for 10 minutes at 1500 
rpm. 11.4 ml of the supernatant urine was 
then centrifuged at 4°C for 90 minutes at 
40,000 rpm in a Spinco Ultracentrifuge, Model 
L. The pellet from this was then resuspended 
in 1.14 ml of Hanks’ balanced salt solution. 
0.1 ml amounts of both preparations were in- 
oculated into HeLa and primary monkey kid- 
ney roller tube cultures. Mumps virus was 
identified in tissue cultures exhibiting charac- 
teristic cytopathic effects by hemagglutination 
inhibition tests using standard mumps anti- 
serum(6). 

Results. A total of 65 urine specimens 
from 13 patients were collected during the 
period following onset of parotid swelling. 
Virus was isolated from the urine as early 


as the first day of swelling and as late 
as the fourteenth day. The overall ex- 
perience in isolation of virus as correlated with 
day of illness is shown in Table I. Forty-five 
percent of all specimens tested within 19 days 
after onset yielded virus. During the first 14 
days of illness 55% of the specimens were 
positive and during the first 9 days of illness 
70% of the specimens were positive. Virus 
was recovered from each of these 13 patients. 
Fifty-seven of the 65 specimens were prepared 
by both dilution and concentration methods. 
25 of the 57 yielded virus: in 8 both prepara- 
tions, and in 17 the concentration preparation 
only, were positive. In the remaining 8 of 65 
specimens studied, only the dilution prepara- 
tion was made: of these, 4 were positive. 

The relative efficiency of monkey kidney 
and HeLa cell tissue culture in primary isola- 
tion of mumps virus from urine was compared. 
27 of 29 isolations were made in monkey kid- 
ney cells only and the remaining 2 isolations 
were made in both monkey kidney and HeLa 
cultures. In no instance was virus isolated in 
HeLa cultures alone. 

In 7 of 13 patients virus was detected in 
the urine after clinically evident parotitis had 
subsided whereas in 5 patients, urine speci- 
mens were negative after swelling had disap- 
peared. Urine specimens from the 13th pa- 
tient were not tested after the first day of ill- 
ness. 
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On 63 occasions saliva specimens were col- 
lected when urines were obtained. A large 
number of the saliva specimens, however, were 
contaminated by a fungus and tissue culture 
studies for virus on these specimens were un- 
satisfactory. On 13 occasions, however, virus 
was detected in urine specimens but not in 
satisfactory saliva specimens collected at the 
same time. In this and the previous study 
(6) virus has not been recovered from saliva 
or swabs of the oral cavity at a time later 
than the 8th day of illness. Virus has been 
recovered from the urine of 8 patients at times 
later than this in these studies. 


Discussion. The success of concentration of 
infected tissue culture fluids by high speed 
centrifugation for demonstration of hemag- 
glutinin(6) suggested the use of this technic 
for preparation of urine specimens prior to 
inoculation. The superiority of this technic 
over the previously used method of prepara- 
tion seems evident from the data presented 
here. This concentration procedure results 
in a 100-fold greater inoculum of the urine 
specimen that is presumably virus. Monkey 
kidney cell cultures seem preferable to HeLa 
cells for detection of mumps virus. This con- 
firms previous work(6) but is not at odds 
with another observation that mumps virus 
once adapted to tissue culture propagates well 
and produces a cytopathic effect in HeLa 
cells. The concentration technic would seem 
to be adaptable to studies of other viruses and 
its use in isolation of another virus is being 
reported(7). Use of the concentration prepa- 
ration and monkey kidney cell cultures inocu- 
lation results in a relatively efficient method 
for isolation of mumps virus during the early 
stages of illness. It is possible that blind 
serial passage of the negative tissue cultures 
(unpublished) and use of the hemadsorption 
test(8) may increase the percentage of urines 
that are positive. 


It is of interest that virus was isolated from 
urine as early as the first day of illness and at 
a time less than 20 hours after the appearance 
of the first symptom. This is consistent with 
the concept that at the onset of parotid swell- 
ing widespread dissemination of virus has oc- 
curred. Furthermore, excretion of virus seems 
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to continue during the phase of acute clinical 
illness. The mechanism by which virus is ex- 
creted in urine has been speculated upon else- 
where(7). The role that virus present in 
urine plays in the clinical illness is under in- 
vestigation. In addition, viruria persisted in 
some patients for a period of time after all 
symptoms or signs of illness had disappeared. 
The small number of patients in this study 
and relatively short periods of observation 
(less than 20 days) did not make it possible 
to determine whether some mumps patients 
might excrete the virus for much longer pe- 
riods. The possibility of this occurrence has 
epidemiologic implications as to where virus 
may be harbored between epidemics. 


Summary. 1. Specimens of urine from 
mumps patients were concentrated by ultra- 
centrifugation prior to tissue culture inocula- 
tion. This concentration resulted in 3 times 
aS many mumps virus isolations as simul- 
taneously tested portions of the same urine 
prepared by simple dilution. 2. All isolations 
were made in primary monkey kidney cell 
cultures; only 2 were made also in simul- 
taneously inoculated HeLa cultures and none 
were made in HeLa cultures only. 3. Mumps 
virus was recovered from the urine of each of 
13 patients within the first 14 days after onset 
of salivary gland pain or swelling. Virus was 
isolated from urine as early as the first and 
as late as the 14th day of illness. No testing 
was done beyond the 20th day. 
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Acceleration of Vitamin E Deficiency by Torula Yeast. II. Effect of 


Torula Yeast Ash and Lipid. 
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P. H. S., Bethesda, Md. 


In previous publications from this labora- 
tory it was shown that addition of 7.5-30% 
of Torula yeast to purified diets which were 
free of vit. E and selenium caused an increase 
in incidence and in rate of development of 
exudative diathesis in chicks(1,2). Part of 
the anti-vit. E property of Torula yeast was 
found to be due to the inorganic fraction, 
whereas no effect was apparent with the lipid 
from the yeast. Subsequently, Dam e¢ al.(3) 
reported that samples of Torula yeast con- 
tained considerably more lipid than we had 
found, and they postulated that the unsatu- 
rated nature of the lipid could account for the 
anti-vit. E effect of the yeast. It is here 
shown that both the inorganic and lipid frac- 
tions of Torula yeast have anti-vit. E effects, 
and further, that a combination of the lipid 
and the ash of Torula yeast will duplicate the 
exudate-promoting properties of the whole 
yeast. The relatively high unsaturated fat 
content of the yeast reported by Dam e¢ al. 
(3) is confirmed. 


Methods. Feed grade Torula yeast* was 
used in all studies. Ashes of the yeast were 
prepared by incineration in a muffle furnace 
at 250°C for 2-3 hours, then at 550°C over- 
night. Average yield was 7%. When a fixa- 
tive was used, magnesium carbonate equal to 
8% of the weight of yeast was first mixed 
with the yeast. For isolation of the lipid from 
Torula yeast, 1200 g of yeast were mixed with 
1200 ml of 95% ethanol and 6 1 of 6N HCl. 
After refluxing for 114 hours the mixture was 
cooled, 3 1 of ethanol added, and extracted in 
batches with a 1:1 mixture of benzene- 
petroleum ether. The solvent was evaporated 
in vacuo and the dark brown oil dissolved in 
ethanol to facilitate mixing in the diets. To 
characterize the lipid fractions of yeast, 25 g 
samples of yeast were extracted with chloro- 
form in a soxhlet apparatus. The material 


* Feed grade 1N, Lake States Yeast Corp. 


obtained was labelled “free lipid”. The ex- 
tracted yeast was then refluxed for 2 hours 


with 5 N-NaOH,t cooled, neutralized with 


HCl and extracted successively with petro- 
leum ether, diethyl ether and benzene. The 
combined extracts were washed with water, 
dried over Na2,SO, and evaporated to dryness 
in vacuo. The residue was dissolved in hex- 
ane, filtered and the solvent removed. This 
material was called “bound lipid.” The fatty 
acids from the free and bound lipids were 


obtained after saponification and analyzed for 


polyunsaturation by a modification of the 
alkali conjugation method of Wiese and Han- 
sen(4). In the nutritional studies, day old 
New Hampshire chicks, 8 per group, were fed 
diet C47A(2) but with an additional 0.2% 
DL-methionine. This diet, designated C47B, 
contained in %: soybean protein 28, cerelose 
61, vit. E-free lard) 4, salts A 6, DL-methi- 
onine 0.8, and vitamin mix 0.2. Additions to 
this diet, were at the expense of cerelose. The 
chicks were housed in electrically heated bat- 
teries and permitted food and water ad 
libitum. After the 14th day, they were in- 
spected daily for symptoms of exudative dia- 
thesis. Experimental periods were 28 days. 
In evaluating the symptoms, in addition to 
the incidence, average time of appearance of 
exudates was also calculated. Compared with 
the group receiving Torula yeast, these 2 fac- 
tors indicated the exudate-promoting effect of 
the test substance. However, due to varia- 
tion in initial stores of tocopherol by individ- 
ual chicks, over-all incidence has more sig- 
nificance than time for appearance of symp- 
toms. 


Results. Since our previous studies(2,5) 
had shown that certain ashes of Torula yeast 


+ Dam, et al.(3) obtained more lipid from alkaline 
than acid hydrolysis. 


+ Drackett assay protein C-1. 
§ Stripped lard, Distillation Products Industries. 


ACCELERATION OF VITAMIN E DEFICIENCY BY TORULA YEAST 


TABLE I. Effect of Torula Yeast Ash and Lipid 
in Promoting Exudative Diathesis. 


Avg wt, 


a No.of Avg No. 
Additions to diet C47B 4 wk (g) 


eases* of dayst 


Exp. 1 
None 305 3/8 23.3 
15% Torula yeast (TY) 294 6/8 16.8 
1.05% TY asht 307 5/8 24.0 
2.2% TY MgCoO, asht 324 7/8 21.3 
Exp. 2 
None 265 3/8 25.7 
15% Torula yeast (TY) 266 6/6 18.0 
1% TY lipids 298 6/7 21.2 
1% TY ash} 310 7/8 21.6 
1.8% TY MgCO, asht 273 6/8 22.0 
1% TY lipid§ + 1.8% 293 7/8 18.0 


TY MgCO, ash} 


* No. of chicks with exudative diathesis/No. of 
chicks in the group. 

t+ Avg No. of days in which symptoms first ap- 
peared. 

¢ Prepared at 550°C. Amt of ash added was 
equivalent to that from 15% of yeast. 

§ Equivalent to the lipid from 15% of yeast. 


promoted exudates, further investigation was 
carried out on the possible inorganic compo- 
nent or components in the yeast which were 
responsible. Based on the mineral content of 
Torula yeast as determined from spectro- 
graphic analyses of a wet ash and from ana- 
lytical data in the literature, numerous ele- 
ments, as their salts, were added to the basal 
diet at one or more levels. Elements tested 
individually, and their dietary concentration 
in ppm were: Al, 1 and 20; As, 10, 50 and 
700- Cd, 10; Mo, 10; Sb, 10; TI, 10; Sr, 
5; Si, 20 and 40; Zn, 25 and 50. A trace ele- 
ment mixture tested at both 5 and 10 ppm 
for each element contained: Al, B, Br, As, Cr, 
Co, F, Mo, Ni, Sr, and V. None of these 
additions had any effect on development of 
exudative diathesis. 

Ashes prepared with magnesium carbonate 
as a fixative for possible volatile elements 
appeared to accelerate exudates slightly faster 
than did ashes without the fixative. A typical 
result is reported in Table I, Exp. 1. Subse- 
quent testing, however, revealed that when 
magnesium oxide was added to the diet, to- 
gether with the plain ash, the effect was simi- 
lar to that of the ash prepared with magne- 
sium carbonate. Addition of magnesium 
oxide alone to the diet, in the amount present 
in the ashes, did not cause formation of 
exudates. 
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To determine whether the observed effect 
of the ash from Torula yeast was restricted to 
this strain of yeast, the ash of brewer’s yeast 
was also tested. In one trial, at a dietary 
level of 1.8%, equivalent to 30% of yeast, 
the ash did not produce exudates. In a sec- 
ond trial 1.2% of the ash, equivalent to 20% 
of brewer’s yeast, produced exudates in 7 of 
8 chicks compared with 3 of 8 on the basal 
diet and 7 of 7 receiving 20% of Torula 
yeast. It is known that brewer’s yeast con- 
tains biologically active selenium in the form 
of Factor 3(6,7), and it may be that some 
variation in ashing conditions resulted in in- 
complete volatilization of the selenium in the 
ash used in the first trial. 

In attempts to simulate the effect of Torula 
yeast ash,|| salts of the major constituents of 
the ash were tested at dietary levels corre- 
sponding to 10-30% of the yeast. Com- 
pounds tested individually were 0.12 and 
0.44%  -CaSO3*2H20, 0:35 “andi 13% 
KH»2PO,, 1.5 and 3.0% K2S:0; and 1.65% 
Cas (PO,)o. None of these salts nor a 2% 
increase in the dietary salts A, promoted for- 
mation of exudates. A “synthetic” ash of 
Torula yeast was prepared by mixing 22.2 g 
of CaSO; * 2H2O, 74.0 g of KH»2PO, and 10.9 
g of MgCl. + 6H2O and heating at 550°C for 
24 hours. The results with this material will 
be reported below. 

When Dam ef al.(3) reported that Torula 
yeast from the same source* as ours contained 
more lipid than we had previously found, it 
was decided to reinvestigate the effect of the 
lipid. The amount and fatty acid composi- 
tion of the lipid obtained as described above 
from Torula yeast, as well as that from brew- 
er’s yeast, is given in Table II. Torula yeast 
contained about 6% total lipid, half of which 
was in the bound form, while brewer’s yeast 
contained only 3% total lipid. Fatty acids 
account for one-half of the lipid in Torula 
yeast, and for about one-third of the brewer’s 
yeast lipid. The most marked difference be- 
tween the lipids from the 2 yeasts is in the 
content of polyunsaturated fatty acids. 45% 

| Major cations in feed grade Torula yeast are: 
Cae Osi4e bees, bo less, and Me Ol139. (NRCG 
Comm. on Feed Composition, Publ. 449, 1956). Sul- 
fur content averages about 1.2%(8). 
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TABLE II. Composition of Lipids Isolated from 
Torula Yeast and Dried Brewer’s Yeast.” 


Torula Brewer’s 


% of whole yeast 


Freet lipid 3.01 2.03 
Boundt ”’ 2.93 .98 
Moree 5.94 3.01 
Free fatty acids 1.41 75 
Bound ” 4 1.68 42 
Total ” M 3.09 7 

% of total fatty 

Unsaturated fatty acids: acids 

Diene 45.4 3.8 
Triene 4.5 0 
Hexaene 4.7 3.5 


* Pabst grade R2F. 
+ See text for interpretation of these terms. 


of the fatty acids from Torula yeast are di- 
enoic acid whereas only 3.8% of the acids 
from brewer’s yeast contain 2 double bonds. 
These values agree with the analyses of Dam 
et al.(2), although the amount of Torula 
yeast total fatty acids they found was some- 
what higher. Small amounts of trienoic and 
hexaenoic acids were present in the Torula 
yeast, but there was no significant amount of 
tetraenoic or pentaenoic acids. 


The results of an experiment in which 
Torula yeast lipid was fed alone or with the 
ash are given in Table I, Exp. 2. Whereas all 
of the treatments increased the incidence of 
exudative diathesis over that in the basal 
group, only the combination of lipid plus 
MegCOs ash produced the onset of symptoms 
as quickly as did the intact Torula yeast. 
Since isolation of large quantities of Torula 
yeast lipid was technically impossible, and in- 
asmuch as the lipid by analysis contained al- 
most 50% dienoic acid, it was decided to use 
an oil of similar composition for further 
studies. 


An oil which contains this amount of lino- 
leic acid, and which also is very low in vit. E, 
is fractionated tall oil.1 According to the 
manufacturer, this oil contains 96.8% free 
fatty acids, of which 48.0% is linoleic and 
50.0% is oleic acid. Addition of 1% of this 
oil to a diet would provide 0.48% of dienoic 
acid. Using the value of Dam e¢ al.(2) for 
total fatty acid content of Torula yeast, and 


{| Acintol FA-2, Arizona Chemical Co., N. Y. 
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the total polyunsaturated fatty acid value in 
Table I, 15% of Torula yeast in a diet 
would provide approximately 0.37% of these 
fatty acids. 

The results of feeding 1% tall oil, with or 
without the ash of Torula yeast, are given in 
Table III. 15% of Torula yeast produced 
the usual high incidence of exudative diathe- 
sis (90%). A similar high incidence (86.5%) 
was produced by a combination of tall oil and 
synthetic ash; tall oil plus Torula yeast ash 
gave a slightly lower incidence, 80.5%. The 
next highest incidence was produced by 
Torula yeast ash alone (72.4%), followed by 
tall oil alone (57.0%). The synthetic ash 
(described above) by itself resulted in only 
38.4% of the birds having exudates. Except 
for the group receiving the synthetic ash, all 
groups had a similar average time for appear- 
ance of symptoms. 

It is apparent that the exudate-promoting 
action of Torula yeast can be duplicated by a 
combination of unsaturated fatty acids and 
minerals similar to those present in the yeast. 
Not only did this combination produce a 
high incidence of symptoms, but in one ex- 
periment it also produced a severity of hemor- 
rhagic exudates similar only to those found in 
the chicks fed the diet containing Torula 
yeast. From these results, it can be con- 
cluded that the anti-vit. E property of Torula 
yeast is due predominantly to its content of 
(1) polyunsaturated fatty acid and (2) min- 


TABLE III. Incidence of Exudative Diathesis 
Produced by Tall Oil and Torula Yeast Ash.* 


Addition to Avg wt, No.of Avg No. 
diet C47B 4wk(g) cases % of days 
None 264 7/30 Doe 22.6 
15% Torula yeast 312 27/30 90.0 19.8 
CEY2) 
1% TY asht 292 21/29 72.4 21.9 
1% tall oil 275 16/28 57.0 20.4 
1% TYash+1% 314 25/31 80.5 20.6 
tall oil 
1% synthetie TY 269 0/13 =. 338.4 24.2 
asht 
1% synthetie TY 304 13715 — 86.5 21.9 


ash + 1% tall oil 


* Data are avg of 4 separate experiments, except 
the last 2 groups which are from 2 experiments. 

+ Prepared at 550°C. Equivalent to 15% of Tor- 
ula yeast. 

t See text for composition. 
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erals (ash). With respect to the latter, our 
studies suggest that it is a combination of 
elements rather than any single element which 
contributes to the pro-oxidant property of the 
yeast. 


In other experiments, it was found that 1% 
of the ash of dried brewer’s yeast when fed 
with 1% of tall oil produced a high incidence 
of exudative diathesis similar to that of 
Torula yeast ash plus tall oil. On the other 
hand, feeding an additional 2% of the salt 
mixture used in the C47B diet, together with 
1% of tall oil, gave a low incidence of exu- 
dates. Thus, it appears that the combination 
of elements in Torula yeast, and possibly also 
that in brewer’s yeast, has a remarkable pro- 
oxidative property. It is unlikely that any 
constituents of Torula yeast, other than the 
lipid and ash, contribute significantly to its 
anti-vit. E effect. 


Summary. When added to a purified basal 
diet low in vit. E and selenium, the ash of 
Torula yeast was found to promote exudative 
diathesis. This effect could not be demon- 
strated by any of the minor elements, nor by 
any of the major components, of the ash. The 
lipid isolated from Torula yeast also promoted 
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exudates; this effect could be duplicated by 
tall oil. A combination of lipid and ash from 
Torula yeast produced an incidence of exuda- 
tive diathesis similar to that produced by an 
equivalent amount of the intact yeast. A 
combination of tall oil and a synthetic ash 
was just as effective. It is concluded that the 
anti-vit. E property of Torula yeast is due 
essentially to both its unsaturated fatty acid 
and mineral contents. The relatively high 
content of dienoic acid in the lipid of Torula 
yeast was confirmed. 
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The lactic dehydrogenase (LD) is present 
in normal human blood plasma and in in- 
creased concentration in myelogenous leuke- 
mia(1). The enzyme is present also in ser- 
ous effusions and cerebrospinal fluid and in 
elevated amounts when these fluids contain or 
bathe growing malignant cells(2). Similarly, 
the proliferation of neoplastic human cells in 
tissue culture is accompanied by increasing 
lactic dehydrogenase (LD) activity of the 
bathing medium(2). The rapid cellular pro- 


* Supported in part by grants of the Nat. Inst. of 
Health. 


liferation which is characteristic of human 
spermatogenesis, the high zinc content of hu- 
man semen(3) and the presence of zinc in 
the molecule of LD, suggested LD activity 
might be present in semen. Accordingly, this 
possibility was investigated in the normal 
ejaculate and in semen derived from infertile 
and sterile individuals. 


Methods. Lactic dehydrogenase activity of 
semen was estimated using 0.025 ml of a 1:10 
dilution of human semen. The aliquot of se- 
men was added to 0.6 ml 0.1 molar phosphate 
buffer, pH 7.4, and 0.05 ml reduced diphos- 
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phopyridine nucleotide (2 mg per ml). After 
an incubation period of 20 minutes, 0.1 ml of 
sodium pyruvate (0.5 mg per ml) was added 
and the change in optical density was meas- 
ured at 340 my» using a 0.8 ml capacity cell 
with a 1 cm light path. One unit of semen LD 
activity is defined as that which results in a 
change in optical density of 0.001 per minute 
per 1.0 ml semen at 26°C under specific con- 
ditions. Normal semen specimens were ob- 
tained from young healthy adults and speci- 
mens of varying degrees of potential fertility 
from individuals attending the out-patient 
clinics of The New York Hospital. Estima- 
tion of sperm count, motility and morphology 
were done by standard methods(4). Lactic 
dehydrogenase activity was measured in whole 
semen, the centrifuged supernatant cell-free 
fluid and in the “split” ejaculate. The “split” 
ejaculate describes the semen derived when 
the ejaculate is partitioned into 2 or more ali- 
quots at the time of ejaculation. This method 
has been used to determine the contributions 
of the prostate and ampulla of the ductus de- 
ferens, and of the seminal vesicles to the cellu- 
lar and fluid constituents of semen(5). 
Results. LD activity of the whole semen 
of 65 individuals ranged from 1600 to 18,000 
units with a mean activity of 5600 + 470 
units. When these values are compared with 
those obtained in normal human blood plasma 
(range 200-500 units) it is obvious that the 
LD activity of human semen is very high. In 
10 instances, the spermatozoa were separated 
from the seminal fluid by centrifugation. 
Mean LD activity of the supernatant fluid 
(3900 units) while lower than the whole semen 
(4900 units), suggests that a considerable 
amount of LD activity is present in the non- 
cellular fluid component. In 4 patients with 
azoospermia, LD activity of the semen was 
1600, 2400, 4000, and 2400 units respectively, 
and mean LD activity of 8 semen specimens 
which were either azoospermic or which con- 
tained only an occasional sperm cell was 2700 
units. In 20 semen specimens in which the 
sperm count ranged from 1 to 50 million 
sperm per cc, mean LD activity was 4400 
units. In 24 specimens with sperm counts 
above 50 million per cc, mean LD activity 
was 6000 units. In this group, 13 semen 
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specimens with counts above 100 million per 
cc had mean LD activity of 7800 units. There 
appears to be a semiqualitative relationship 
between LD activity of semen and its sperm 
count, although sperm-free seminal fluid con- 
tains significant LD activity. No relationship 
between motile activity of spermatozoa and 
LD activity of semen was apparent. From 2 
normal individuals, semen specimens showed 
high LD activity which bore no apparent re- 
lationship to semen quality or sperm count; 
2 semen specimens obtained 3 days apart from 
a normal individual had LD activities of 19,- 
000 and 13,000 respectively while specimens 
from another individual had LD activities of 
36,000 and 16,000 respectively. 

Comparison of LD activity of the first and 
second portions of the “split”? ejaculate re- 
veals the mean activity to be 13,000 and 4100 
units respectively. The first third to one-half 
of the ejaculate is known to be derived pri- 
marily from the prostate and the ampullae of 
the ductuli deferentia and contains the bulk of 
the spermatozoa(5). In view of the fact that 
azoospermic semen contains LD activity, it 
appears that the prostatic secretions con- 
tribute a considerable portion of the total LD 
activity of human semen. 


Although the significance of these observa- 
tions has yet to be clarified they serve as a 
baseline for study of the clinical significance 
of LD alterations of prostatic secretions and 
of semen in diagnosis of prostatic and testicu- 
lar malignant neoplasia. 


Summary. 1. Lactic dehydrogenase is 
present in high concentration in normal hu- 
man semen and in seminal fluid of azoosper- 
mic individuals. 2. As compared to normal 
human blood plasma, LD activity of seminal 
fluid is high and is comparable to values ob- 
tained from tissue fluids which contain or 
bathe growing malignant cells. 3. There ap- 
pears to be a semi-qualitative relationship be- 
tween LD activity of semen and its content of 
spermatozoa but a considerable portion of LD 
activity is present in sperm-free seminal fluid. 
The latter activity seems to be derived princi- 
pally from the prostatic secretions. 
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In a number of inbred strains of mice (DBA 
(1), CE(2), A, C;;BL and C;H(3)) and in 
some of their hybrid offspring (C;H x A(4), 
DBA x CE(5)) adrenal cortical hyperplasia 
and /or adenocarcinoma develop in both sexes 
subsequent to early gonadectomy. Similar 
adrenal tumors develop in intact NH mice due 
to spontaneous failure of the gonads at about 
9 to 10 months of age(6). That these corti- 
cal tumors are endocrinologically active is evi- 
denced by their growth-stimulating effect on 
the atrophied reproductive organs after they 
develop in the gonadectomized mice. In 
some instances the growth induced may be- 
come hyperplastic in nature. Hyperplasia of 
the reproductive tract also occurs in intact 
DBA x CE and reciprocal hybrid female mice 
due to spontaneous hyperovarianism that be- 
gins to manifest itself at 6 to 7 months of age 
and which persists throughout the life of the 
animals(7). 

It has been the general consensus of the 
several authors cited that the hypophysis is 
involved in both spontaneous and induced 
adrenal and ovarian endocrinopathies. No di- 
rect evidence, however, has been offered in 
support of this contention. The following 
experiments were designed to determine 
whether or not the hypophysis is essential to 
development of hyperovarianism in intact 
mice and to development of hypercorticism in 


* This investigation was supported by research 
grants from the Nat. Cancer Inst., U.S.P.H.S., and 
by a grant-in-aid from the Am. Cancer Soc. 

+ Present address: Dept. of Anatomy, Univ. of 
Louisville School of Medicine, Louisville, Ky. 


neonatally ovariectomized mice. 

Procedure. The present study was begun 
with 82 virgin female DBA x CE and recipro- 
cal hybrid mice, born in the Jackson Labora- 
tory colony and maintained at 70°F and on a 
diet of Purina laboratory chow and water ad 
libitum. The mice were divided into 4 groups: 
(1) 24 received no treatment, (2) 8 were 
ovariectomized within 72 hours after birth, 
(3) 25 were hypophysectomized at weaning, 
7.e. at approximately 30 days of age,+ and 25 
were ovariectomized shortly after birth and 
were then hypophysectomized at weaning. 
The operated animals were weighed occa- 
sionally but were subjected to no other treat- 
ment. 

The mice were sacrificed at from 6 to 9 
months of age, the earliest period during 
which hyperplasia of the ovaries, adrenals 
and uterus is consistently present in intact 
animals. Whereas all the operated animals 
survived the immediate post-surgical period, 
there was a high delayed mortality rate among 
the hypophysectomized mice, particularly at 
from 60 to 90 days of age. Several of the 
surviving hypophysectomized mice, although 
much lighter in weight than the intact ani- 
mals, gained 4 to 5 g and consequently were 
eliminated from the study because of incom- 
plete removal of the gland. Hence, there 
were but 5 completely hypophysectomized 
and 10  hypophysectomized-ovariectomized 
mice that survived at least to the required age 


t+ The authors wish to acknowledge the assistance 
of Mrs. Priscilla Lane who performed the hypophy- 
sectomies. 
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TABLE I, Quantitative Effects of Hypophyseetomy on Hypercorticism and Hyperovarianism 
in DBA xX CE and Reciprocal Mice. 


Organ wt, mg/100 g body wt 


No. of : 

Treatment Age,mo mice Bodywt,g Hyp Adrs Ovaries Uterus 

N 6-7 12 25.7 + 3.6* Hf SPA! 85.3 438.4 

ae 8-9 12 25.9 + 1.1 79 22.1 143.4. 558.7 

Oyvyarieectomized at birth 8-9 8 34.4 + 2.0 (Bei Bath — 99.1 

Hypophysectomized at weaning 6-9 5 5+ .5 — 149 18.5 40.0 

Ovariectomized at birth and hypo- 6-9 10 eee — 141 —_— 20.1 
physectomized at weaning 

SSeS. 
of 6 months. The animals were autopsied im- basis of theoretical considerations, that 


mediately after sacrifice and weights of 
adrenals, uteri, hypophyses and/or ovaries, 
if present, were determined to the nearest 0.1 
mg on a Roller-Smith torsion balance. 

In the neonatally ovariectomized mice there 
is an increase of approximately 30% in body 
weight and both an absolute and relative in- 
crease in adrenal weight of about the same 
magnitude as compared with body and adre- 
nal weights in the intact animals of the same 
age. The uteri in the 8- to 9-month-old 
castrates do not show the hyperplasia present 
in the intact mice, but in comparison with the 
uteri in the hypophysectomized groups, it is 
evident that in these animals some degree of 
uterine growth has occurred in conjunction 
with enlargement of the adrenals. In the 
hypophysectomized intact and ovariectomized 
mice, on the other hand, there is little doubt 
that there is marked failure of ovarian and 
adrenal growth and absence of uterine stimu- 
lation by these organs. The results are sum- 
marized in Table I. 

Discussion. The present observations on 
weights of adrenals, ovaries and uteri in 8- to 
9-month-old intact and neonatally ovariecto- 
mized DBA x CE and reciprocal hybrid mice 
confirm quantitatively what previously has 
been described primarily in morphological 
terms. Whereas the degree of adrenal and 
uterine enlargement in the 8- to 9-month-old 
castrates is but a fraction of that which de- 
velops after 12 months, selection of this earlier 
stage in the hypercortical syndrome was neces- 
sary due to the difficulty of maintaining the 
hypophysectomized mice to more advanced 
ages. 


It has been postulated, principally on the 


adrenal hyperplasia and subsequent cortical 
tumors that develop in gonadectomized mice 
of the several strains previously mentioned are 
the result of stimulation of the adrenals by 
elevated titers of hypophyseal gonadtropins 
resulting from removal of the gonads(3). No 
such formal hypothesis has been offered to 
explain the hyperovarianism exhibited by in- 
tact mice, but the implication of the hypophy- 
sis has been assumed explicitly(5,8). The 
present observations cannot provide a detailed 
theory of the physiological mechanisms in- 
volved in the pathogenesis of the adrenal and 
ovarian endocrinopathies in these mice, but 
the data do provide indisputable direct evi- 
dence of the essential role of the hypophysis 
in their development. 


Summary. Weights of the adrenals, ovaries, 
uteri and hypophyses of 6- to 9-month-old 
DBA x CE and reciprocal hybrid mice were 
measured in: (1) intact virgins, (2) neonatal 
castrates, (3) mice hypophysectomized at 
weaning, and (4) hypophysectomized cas- 
trates. There was marked reduction in size 
of the adrenals, ovaries and uteri in the hypo- 
physectomized intact animals and of adrenals 
and uteri in the hypophysectomized castrates. 
Since at 6 to 9 months of age intact mice of 
these hybrid strains exhibit spontaneous en- 
largement of ovaries and hyperplasia of the 
reproductive tract, and animals ovariecto- 
mized neonatally exhibit hyperplasia of 
adrenals and hormonal stimulation of the re- 
productive tract, the present data provide 
definitive evidence of the essential role of the 
hypophysis in these hypercortical and hyper- 
ovarian syndromes. 
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In recent years the effect of external con- 
ditions on resistance to a pathogen has re- 
ceived increasing attention. This paper de- 
scribes the effect of behavior upon resistance 
to Trichinella spiralis infections in mice. A 
series of papers(1,2,3,6) has demonstrated 
that crowding in mice produces hypertrophy 
of the adrenal glands and a chain of physio- 
logical consequences, especially with respect 
to reproductive functions. In addition it 
seemed probable that these adrenal changes 
would affect resistance. Resistance here is 
defined as response of a host to past or pres- 
ent experience with a parasitic organism or a 
chemically related entity, whereas the term 
insusceptibility is restricted to the properties 
of a host which render it unsuitable as a habi- 
tat for a parasite but which do not represent 
a response of the host to the parasite(11). 
This paper presents the first of a series of 
studies designed to determine alterations of 
development of resistance in respect to 
density of the population. The parasite 
Trichinella spiralis was selected because con- 
siderable information was available on the 
mechanisms of resistance and because it was 
possible to set up an experiment in which 
transmission from mouse to mouse did not 
occur(7). It has been shown that during the 
initial phase of a Trichinella infection there 
is an inflammatory response in the wall of the 
gut. This response is thought to be involved 
in determining length of life of the adult 

* This research was supported in part by a grant 
from the U. S. Public Health Service. 


worms(9). It has been known for several 
years that resistance to Trichinella is altered 
by cortisone treatment(10,12). Coker(4,5) 
showed that when mice are given injections of 
cortisone the intestinal inflammation in trichi- 
nosis is reduced. As a consequence, the life 
of the adult worms is prolonged and more 
larvae are presumably deposited in the host’s 
tissues than is the case in hosts not receiving 
cortisone treatment. Resistance to certain 
other animal parasites is altered by adminis- 
tration of cortisone to the host(13). 


Methods. The general method consisted of 
infecting mice with Trichinella, then arrang- 
ing part of the mice as a group to contrast 
the effects of interaction of individuals with 
the condition of isolation. The mice are 
called wild strain because they are raised in 
large cages from mice that are regularly re- 
placed by mice caught in the wild. These 
mice have been used for a variety of studies 
of the adrenals(1,6). The young mice are 
weaned at 20 days and placed in jars sepa- 
rated from each other by partitions so that 
one mouse cannot see another mouse. Food 
and water are provided and the mice live in 
these jars until they are sexually mature at 
an age of about 4 months. Only male mice 
are used in these studies. 

The grouping procedure consists of placing 
6 mice together in a large can for about 4 
hours a day. At the end of this time each 
mouse is put back in his own jar which is 
kept isolated from other mice. The large can 
does not have food or water. The mice begin 
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TABLE I. Number of Trichinella Found in Isolated and in Grouped Mice. 


Exp. I Exp. Il 
~—— Isolated——, -—— Grouped—_, y—— Isolated ——, -——— Grouped —_, 
Wt of No. of Wt of No. of Wt of No. of Wt of No. of 
mouse worms mouse worms mouse larvae mouse larvae 
r per g = 
28.3 6 32.4 26 28.8 880 30.0 1433 
Sep 18 30.2 38 27.7 1043 19.2 1443 
27.8 0 28.8 24 ENS, 1026 29.2 1543 
fal 0 32.7 29 26.9 1006 26.9 1733 
30.1 0 28.5 51 27.5 1093 21.8 1626 
27.2 0 24.1 28 27.0 1273 
29.0 3 30.0 40 
28.7 0 Otol 16 
27.2 0 26.5 27 
28.3 0 255 50 
25.6 0 24.7 20 


to fight as soon as they are placed in the can 
and fight vigorously for most of the first 4 
hours. During this time the social rank is 
pretty well settled but some further defini- 
tion may occur on subsequent days. This 
grouping is done for 10 days. Generally 
speaking, while in the can the top-ranking 
mouse will attack and defeat other mice who 
in turn may attack lower-ranking individuals. 
The fighting is severe at first but, by the 
second or third day, involves only an occa- 
sional encounter. The mice spend most of 
their time sitting in different parts of the can 
licking themselves or simply resting. Such 
grouped mice will be referred to as inter- 
action groups. 

Control and experimental mice were chosen 
as follows: The 24 mice were listed according 
to weight beginning with the heaviest (32.5 
g) and ending with the lowest (25.7) and 
alternately assigned to each group. Thus, the 
12 control mice averaged 27.1 g while the 
mice in the 2 interaction groups averaged 
26.6. 

Trichinella spiralis was maintained in 
Princeton Swiss mice and rats of the Sprague- 
Dawley strain. Worms for experimental in- 
fections were obtained by 45 minute peptic 
digestion of blendorized muscle from the stock 
animals. The larvae were washed with Ring- 
er’s solution by centrifugation and suspended 
in Ringer’s solution containing 0.2% agar at 
a concentration of 625 larvae per ml. The 
hosts in all experiments were given a 0.2 ml 
aliquot of the suspension by stomach tube. 
The suspension was thoroughly agitated be- 


fore removal of each aliquot. Mice of the 
groups were infected in alternative order. 
Determinations of adult worm burden were 
made by the methods of Larsh and Kent(8) 
and larval worm burden by peptic digestion 
of the weighed muscles and direct counting of 
aliquot samples. Determinations of worm 
burden were made by the junior author who 
did not know the history of the animal in the 
experiment. 

Results. In Exp. I, 24 mice were infected 
with the standard dose of 7. spiralis larvae 
on Day 1. Twelve animals were divided into 
2 lots of 6. These were interaction groups 
during Days 2 through 11, and the remainder 
were isolated controls. In this experiment, 
the mice in the interaction groups behaved in 
the usual manner. Severe fighting persisted 
to such an extent that the mice were kept 
together for only 3 hours a day and care- 
fully watched to avoid deaths. During the 
10-day period, one experimental and one con- 
trol mouse died. A social rank in the inter- 
action groups was obvious by the third day; 
in both groups the second heaviest mouse was 
dominant. The mice were killed on the fif- 
teenth day after infection, and a determina- 
tion made of the number of adult 7. spiralis 
harbored by each animal. The data obtained 
are presented in Table I. The adrenals of 
the 11 control animals averaged 3.92 mg 
(S.D. = 0.38) while those of the 11 experi- 
mentals averaged 4.19 (S.D.= 0.55). This 
difference is not significant. 

In Exp. II the procedures were identical 
except that the mice were held for a longer 
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period of time after infection. The animals 
were infected with T. spiralis in Day 1, the 
interaction group was brought together on 
Days 2 through 11, and the animals were 
killed on Day 30. Counts were made of the 
larvae in the muscles of these animals. The 
data obtained are presented in Table I. Ad- 
renals of the controls averaged 4.24 mg 
(S.D. = 0.70) while those of the experi- 
mentals averaged 5.08 mg (S.D. = 0.65). 
This difference is significant (P = 0.01). 

Discussion. The results of Exp. I support 
an hypothesis that the initial resistance re- 
sponse to the adult 7richinella has been mark- 
edly suppressed. Although histological stud- 
ies were not made to prove the point, it seems 
that this is a manifestation of the suppression 
of intestinal inflammation. The results ob- 
tained in Exp. II show that there is an in- 
creased burden of larval worms in the fighting 
animals which is attributed to an alteration 
of the resistance response. This might well 
have a dual basis. Since the female worms 
remain in the intestine for a longer period of 
time in these animals, it is presumed that 
more larvae are deposited by the adults. 
However, we have not ruled out the possi- 
bility that suppression of concomitant and 
subsequent humoral immune responses to the 
larval worms may also be involved. 

Although the mice arranged themselves in 
a rank the adrenal weights did not increase 
regularly with decrease in rank. However, as 
expected the adrenals of the 3 dominant mice 
were on the average, smaller (4.24 mg) than 
those of the lower-ranking mice. The num- 
ber of adult Trichinella was not related to 
rank in any group. 

The present experiments have shown that 
degree of development of resistance to an 
infectious agent may be in part dependent on 
socio-psychological factors. These experi- 
ments were arranged so that transmission 
among the mice in the interaction groups was 
impossible. Food supply was not a limiting 
factor during the experiments. In some situa- 
tions the stress of nutritional insufficiency 
might enhance the effects of increasing social 
contact. It has been pointed out(11) that 
dissociation of variables in the field or labora- 
tory analyses of resistance and insuscepti- 
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bility is difficult and that some of the experi- 
mental demonstrations of alterations of im- 
munity in malnutrition may involve adrenal 
responses rather than direct chemical defi- 
ciencies of antibody-synthesizing systems. 

It may be noted that these results were 
obtained with a “wild” strain of mice that 
have larger adrenals than do domesticated 
strains. The domesticated strains show the 
same responses in principle(1) but to a con- 
siderably lesser degree. Thus experiments 
with domesticated mice might not show a de- 
tectable response although we have not exam- 
ined this point. 

The possible significance of the present 
findings to host populations is manifest. 
Under conditions of increased social contact, 
the members of a population may be less ca- 
pable of developing resistance to an infectious 
agent. In many cases this effect would be 
compounded by enhanced contagion. The 
data suggest, though they do not establish, 
that those individuals that are highest in the 
social hierarchy would be least affected by 
the infectious agent. Probable effects in the 
evolution of vertebrate populations are obvi- 
ous. The alteration of host resistance would 
also have implications for parasite popula- 
tions. Suppressed host resistance responses 
might allow the exploitation of new host 
species by some parasitic species, with sub- 
sequent selection of individuals adapted for 
life in the new host. 

Summary. The demonstration that be- 
havioral factors cause hypertrophy of adre- 
nals, and that injection of corticoids decreased 
the resistance of mice to Trichinella spiralis 
suggested that behavior might affect infec- 
tions under relatively natural conditions. 
“Wild” strain house mice were infected with 
embryonated larvae. Twelve mice were iso- 
lated in jars and 12 were placed in 2 groups 
in a large can for 3 hours a day for 10 days. 
When killed on the fifteenth day the grouped 
mice had from 16-51 worms in the intestine 
while only 3 of the isolated mice had worms. 
To determine the effect on subsequent stages, 
12 mice were infected. Six were isolated and 
6 were grouped for 10 days. All were killed on 
the thirtieth day. The isolated mice averaged 
1054 larvae per gram of muscle while the 
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grouped mice averaged 1556. It is concluded 
that behavior may affect resistance and it is 
suggested that this phenomenon may be an 
important factor in epidemics and in develop- 
ment of host-parasite relations. 
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Enzyme Studies in Muscular Dystrophy. III. In Hereditary Muscular 


Dystrophy in Mice.*t 


(24320) 


I. M. Wernstocx,? SANDRA EpsTEIN AND A. T. MILHORAT 
Depart. of Medicine, Cornell University Medical College, Russell Sage Institute of Pathology, 
and N.Y. Hospital, N. Y. City 


Michelson, Russell and Harman(1)_ re- 
ported on spontaneous occurrence of a genetic 
mutation resulting in muscular dystrophy in 
a highly inbred strain of mice. The muscular 
areas involved, the nature of the lesions in 
these muscles, and lack of involvement of the 
nervous system, are similar to those seen in 
muscular dystrophy in man. By these cri- 
teria, this form of muscular dystrophy in the 
mouse would appear to be related more closely 
to muscular dystrophy in patients than are 
the experimentally induced types of muscle 
wasting. To characterize further this myo- 
pathy in mice, and if possible, to find some 
relationship to other forms of muscle wasting, 
we have investigated a number of enzyme sys- 
tems in the muscles. Our results will be dis- 
cussed in relation to those of comparable 
studies in muscular wasting of Vit. E-defi- 
ciency and of neurotomy, and that occurring 


* Aided by grants from Muscular Dystrophy As- 
sociations. 

+ A preliminary report was presented before Fed. 
Am. Soc. Exp. Biol., March, 1957. 

t Present address: Dept. of Physical Medicine and 
Rehabilitation, N. Y. Medical College, and Bird S. 
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in clinical forms of muscular dystrophy in 
man. 

Methods and materials. Mice of strain 129 
(dystrophic animals and normal litter mates) 
obtained from the Roscoe B. Jackson Memo- 
rial Laboratory were given a commercial 
mouse pellet diet. (Purina Laboratory Chow). 
The animals were allowed free access to food 
and water. According to the original investi- 
gators(1), symptoms of muscular dystrophy 
are evident by the third week of life, and dys- 
trophic mice survive from one to 6 months, or 
occasionally longer. In these investigations, 
age of the dystrophic mice averaged 68 days 
(46-110), and weight averaged 14.1 g (9.7- 
19.0), when they were sacrificed. The con- 
trol group consisting of heterozygous litter 
mates of the dystrophic mice, averaged 63 
days (47-116) of age, and 21.4 g (16.4-25.4) 
in weight when they were studied. Dystro- 
phic animals were smaller in size and lighter 
in weight than controls, and exhibited various 
degrees of ataxia, atrophy, and_ paralysis. 
However, there was no close correlation be- 
tween age or weight of the animals, within 
the ranges observed, and gross symptoms of 
muscular dystrophy. 
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TABLE I, Effect of Muscular Dystrophy on Composition of Mouse Muscle. 


--- ——_—_ Content/r wet wt*—$_—_—__—__ ON’ x 100 
Types and No. Total Ny Proteint N, Collagen} N, Dry wt TN : 
of animals mg— — % 
Controls (14) 20.3 + 2.3]| 18.9 + 2 1.5 + 5 165 + 21 7.4 
Dystrophie (12) 17.3 + 1.9 16.3 + 1 Lose 2 156 + 16 11.0 
% change —15 —14 +27 —5.5 
PY <.01 <.01 <.02 <3 


* Tissues were kept saturated with water at 0°C, while visible fat and connective tissue were 
removed. Small pieces and strips of muscle tissue were blotted before weighing, but appreciable 
water still adhered to tissue surfaces. Dry wt determinations indicate reproducibility of technic. 


t Includes collagen nitrogen. 


} Collagen was determined directly by analysis of alkali insoluble residue. 


CN Collagen nitrogen 
TW: & , 


Total nitrogen 


The mice were sacrificed by decapitation. 
Muscle from the entire hind quarters, after 
removal of visible fat and connective tissue, 
was minced, then homogenized in water in a 
glass Potter-Elvehjem apparatus. Aliquots of 
the homogenate were diluted with water and 
used for assays of enzyme activity. Samples 
of the homogenate were dried in an oven at 
105-110°C for 18-20 hours for dry weight de- 
terminations. Collagen was determined by a 
slight modification of the method of Lilienthal 
et al.(2), and nitrogen was estimated by di- 
rect nesslerization after digestion. 

Aldolase was determined in the system of 
Sibley and Lehninger(3), with some modifica- 
tions as suggested by Dounce et al.(4). Triose 
phosphate was measured as the difference in 
amounts of inorganic phosphate, before and 
after alkaline hydrolysis(5). Inorganic phos- 
phate was determined by the Lowery-Lopez 
method(6) modified by Potter(7). Two dif- 
ferent levels of enzyme concentration, in du- 
plicate, were used in each determination of 
aldolase activity, and the results were aver- 
aged. Succinoxidase and cytochrome oxidase 
activities were determined by the methods of 
Schneider and Potter(8,9). Oxygen con- 
sumption was linear for at least 30-40 min- 
utes, and average values of the linear portion 
of the curve were used to calculate oxygen 
consumption per hour. Cytochrome oxidase 
activity was determined at 3 levels of enzyme 
concentration, and the results were extrapo- 
lated and corrected for zero enzyme concen- 
tration(9). Cathepsin activity was deter- 
mined by a modified Anson procedure(10) 


|| Stand. dey. 


q P = Level of significance. 


previously described(11). The substrate was 
hemoglobin at pH 4.0, and proteolysis, in the 
absence of added activators, was measured by 
increase in optical density at 280 mp. 

Results. Because of the changes in com- 
position of muscle associated with most wast- 
ing conditions, a proper reference base for 
enzyme activity is critical. Concomitantly 
with these enzyme studies, we determined dry 
weight, and total-, protein-, and collagen- 
nitrogen of the muscle. Results of the en- 
zyme assays are reported on the basis of wet 
weight, dry weight, protein-nitrogen content 
and non-collagen protein nitrogen content of 
the muscle. Probably the most accurate in- 
dex of functioning muscle mass upon which to 
base enzyme activity is non-collagen protein 
nitrogen content(2,12). An apparent de- 
crease in enzyme activity, unless based on con- 
tent of non-collagen protein, might be non- 
specific and only a reflection of over-all break- 
down of muscle. The effects of muscular 
dystrophy on composition of the muscle of 
these mice are shown in Table I. There was 
a significant 15% decrease in total nitrogen 
and protein nitrogen content of the muscle 
when estimated on a wet weight basis, al- 
though dry weight of the muscle was un- 
changed. Collagen nitrogen increased as 
much as 27%, but accounted for only 11% 
of the total nitrogen because of the relatively 
small amounts present initially. 

Data on aldolase activity are shown in 
Table II. In dystrophic muscle, aldolase ac- 
tivity is decreased when estimated on the basis 
of either wet or dry weight of muscle. How- 
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TABLE II. Effect of Muscular Dystrophy on Aldolase Activity of Mouse Muscle. 


Types and No. 


—————— _ umoles fructose-diphosphate split/hr ——————_, 


of animals Per g wet wt Per mg dry wt Permg PN* Permg NCPNt 
Controls (12) 1390 + 350 8.4 + 1.6 72414 79 + 16 
Dystrophie (11) 1090 + 330 G0 a= Wy 68 + 23 76 + 25 
% change —22 -17 —6 —4 
1 <.05 <.05 <.6 ee 


* PN = Protein nitrogen. 


ever, when based on content of either protein 
nitrogen or non-collagen protein nitrogen in 
the muscle, aldolase activity in dystrophic 
muscle is not significantly different from that 
in the normal controls. Succinoxidase and cy- 
tochrome oxidase activities of the muscles are 
shown in Table IIJ. There was no significant 
difference between succinoxidase activities of 
control and dystrophic groups, regardless of 


which reference base was used for estimating - 


enzyme activity. On the other hand, cyto- 
chrome oxidase activity was considerably in- 
creased. When referred to either wet or dry 
weight of the muscle, it was increased about 
35%, and when this activity was based on 
non-collagen protein nitrogen content of the 
muscle, the increase was about 50%, since 
non-collagen protein nitrogen content of the 
muscle decreased during the course of dys- 
trophy. Cathepsin activity of muscle of dys- 
trophic mice was increased over the levels of 
the litter mate controls (Table IV). This 
increase in cathepsin activity was significant 
when based on any of the employed standards 
of muscle mass, and, as in the case of cyto- 
chrome oxidase activity, the increase was 
greatest when based on non-collagen protein 
nitrogen content of the muscle. 

Although the activities of both cytochrome 
oxidase and cathepsin in dystrophic muscle 


+ NCPN = Non-collagen protein nitrogen. 


were elevated, there was no obvious correla- 
tion between these changes, and age or weight 
of the dystrophic mice, within the ranges used 
in this investigation. However, there did 
seem to be some general relation between in- 
creases in enzyme activity and gross symp- 
toms of muscular dystrophy. Cytochrome 
oxidase and cathepsin activities in the mus- 
cles of 2 homozygous normal control mice 
were of the same order as those in the hetero- 
zygous normal control group. Concurrently, 
with the studies reported here, we similarly 
assayed and found no change in the activities 
of these enzymes in liver tissue. 

Discussion. The changes in protein con- 
tent of muscles of the dystrophic mouse ob- 
served (Table I) were similar to those re- 
ported in 3 other types of muscle wasting, 7.e., 
wasting that occurs after Vit. E-deficiency 
(13,14), atrophy that results from neurotomy 
(12), and degeneration of muscles that repre- 
sents the main pathologic alteration in mus- 
cular dystrophy in patients(14,15). Although 
in these forms of muscle wasting, increase in 
collagen content of the muscle is quantita- 
tively greater, the general result of all forms 
of wasting is a reduction in non-collagen pro- 
tein nitrogen content of the muscle. 

Since aldolase activity of dystrophic muscle 
appears decreased only when based on wet or 


TABLE III. Effect of Muscular Dystrophy on Suecinoxidase and Cytochrome Oxidase Activi- 
ties of Mouse Muscle. 


Succinoxidase activity, mm* O,/hr 


Cytochrome oxidase activity, mm?® O,/hr 


3 = * NK 
Types and No. Per g Permg Permg Per mg Per ¢ Permg Permg Permg 
of animals wet wt dry wt PN NCPN wet wt dry wt PN NCPN 
Controls (9) 7400 45 380 424 18,300 116 990 1080 
+ 1200 +9 + 79 + 84 + 4200 + 35 ++ 260 + 290 

Dystrophie (7) 7100 46 415 470 24,900 159 1460 1669 
+ 1100 +9 + 81 + 92 + 3700 + 20 + 250 + 280 

%o change —4 +2 +5 +11 +36 +37 +47 +54 

ip <6 <<. <0 <.2 —. Ui <.01 eh! <.01 
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TABLE IV. Effect of Muscular Dystrophy on Cathepsin Activity of Mouse Muscle. 
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Types and No, Cathepsin activity* ————_——,, 
of animals Per g wet wt Per mg dry wt Per mg PN Per mg NCPN 
Controls (8) 10.7 + 2.7 066 + .017 58 + 13 62 + .14 
Dystrophie (6) 17.7 + 4.6 110 + .037 1.02 + .26 1.16 + .31 
% change +65 +67 +76 +87 
<.01 =<—.01 <.01 <.01 


* Cathepsin activity — Change in optical density at 280 my/ml of incubation mixture/hr. 


dry weight of muscle, and is of normal value 
when estimated on the protein- or non-colla- 
gen protein nitrogen, it is probable that any 
changes noted are only a reflection of over-all 
reduction in functioning muscle mass. Serum 
aldolase of dystrophic mice has been found 
to be increased(16). A similar relationship, 
between blood serum and muscle enzyme ac- 
tivities, has been reported for transaminase in 
patients with muscular dystrophy; 7.e., serum 
transaminase activity was increased, while 
muscle transaminase levels, when referred to 
non-collagen protein nitrogen, were unchanged 
(17). Increase in activity of an enzyme in 
blood serum does not necessarily indicate that 
the metabolic lesion specifically involves that 
particular enzyme, since the increase may be 
only a reflection of tissue destruction. Phos- 
phorylase activity of muscle of dystrophic 
mice has been investigated by Leonard(18), 
who found approximately a 30% decrease in 
activity of dystrophic thigh muscle, when 
based on wet weight of tissue. Data on non- 
collagen protein nitrogen content of the mus- 
cles were not reported. Reduction in activity 
of both aldolase and phosphorylase in the 
muscle of the dystrophic mouse is much less 
than has been observed in patients with mus- 
cular dystrophy. The muscles of these pa- 
tients may show reductions in aldolase and 
phosphorylase activities to one-third their 
normal values, when based on non-collagen 
protein nitrogen content of the muscle(17). 
Although succinoxidase activity of dystro- 
phic mouse muscle tends to show a slight in- 
crease on the basis of non-collagen nitrogen 
content, this difference is not significant, and 
one must conclude that succinoxidase activity 
is essentially unchanged. On the other hand, 
cytochrome oxidase activity is significantly in- 
creased in the muscle of the dystrophic mouse. 
However, none of the respiratory or glycolytic 


enzymes investigated in this laboratory (suc- 
cinoxidase, cytochrome oxidase, and aldolase), 
or other representative respiratory or glyco- 
lytic enzymes observed by others, show a pat- 
tern of change that is similar in the 4 types 
of muscle wasting mentioned here. Altera- 
tions in activities of respiratory and glyco- 
lytic enzyme systems of muscle, associated 
with various muscle wasting conditions, have 
been reported(12-15,17,19,20). A possible, 
though tentative conclusion, that may be 
drawn from available evidence, is: in clinical 
muscular dystrophy and in muscle atrophy 
due to neurotomy, glycolytic enzyme systems 
are generally decreased, and respiratory en- 
zymes are not primarily affected; in muscular 
dystrophy resulting from Vit. E-deficiency, 
and in the hereditary muscle dystrophy in. 
mice, respiratory activity tends to be in- 
creased, and glycolytic enzymes are relatively 
unchanged. This conclusion is based on ex- 
perimental observations that often are not 
definitive, and, occasionally are conflicting. 
It is perhaps equally likely that the changes 
observed in enzyme activity are a reflection 
of specifically different causative mechanisms 
of muscle wasting, or are merely secondary 
effects of the atrophy. 

However, in all of the 3 forms of muscle 
wasting in which it has been investigated, 
cathepsin activity has been found to be in- 
creased. Moreover, of all the enzyme systems 
investigated, cathepsin alone shows a com- 
mon pattern of change. In the present 
studies, cathepsin activity was _ increased 
nearly 2-fold in dystrophic mouse muscle. 
Similar increments have been observed in the 
muscle of rabbits with muscular dystrophy 
due to Vit. E-deficiency(11), and in muscle 
following neurotomy(21,22). Although the 
role of the catheptic enzymes, im vivo, has not 
yet been clearly established, they may be in- 
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volved in protein catabolism, and may be the 
common mechanism in muscle wasting due to 
a number of different causes. It is of interest 
that cathepsin activity, in vitro, has been re- 
ported to correlate with gross changes in pro- 
tein metabolism and mass in regressing tu- 
mors(23), and with certain hormonal influ- 
ences(24). Investigation of this enzyme sys- 
tem in the muscles of patients with muscular 
dystrophy is planned. 

Summary. Changes in muscle composition, 
and activity of 4 enzyme systems in mice with 
dystrophia muscularis, have been investigated. 
Total nitrogen and protein nitrogen contents 
of dystrophic muscle were reduced as com- 
pared to controls, while collagen nitrogen was 
increased. Percentage dry weight was un- 
changed. Aldolase activity of dystrophic 
muscle was decreased on the basis of wet or 
dry weight, but was unchanged on the basis 
of protein- or non-collagen protein nitrogen 
content of muscle. Succinoxidase activity 
was not significantly affected by muscle dys- 
trophy. Cytochrome oxidase and cathepsin 
activities were markedly increased in the 
muscle of dystrophic mice as compared to 
controls. Liver tissue from these mice showed 
no change as a result of the dystrophy. These 
results are compared to those observed in 
other forms of muscle wasting. 
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